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MINUTES MEETINGS 
THE SOCIETY 


Vice-President Waldo Smith the Chas. Warren Hunt, Sec- 
retary and present, also, members and guests. 

paper Tilden, Assoc. Am. Soc. E., entitled 
“Kinetic Effect Orowds,” was presented the Secretary. The 
Coombs, and French. The Secretary read communications 
subject from Messrs. Frazer Hilder Henry 
Quimby. 

paper Messrs. Arthur Taylor and Thomas Sanborn, entitled 
“Some with Mortars and Mixed Asphaltic 
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Goldbeck, and the paper was discussed orally Messrs. James Owen, 
The Secretary announced the following death: 


1892; Member, September 3d, 1902; died August 1912. 


Adjourned. 


May 7th, meeting was called order 8.35 M.; 
President George Swain the chair; Charles Warren Hunt, Secre- 
and present, also, 165 members and guests. 

The minutes the meetings March 19th and April 2d, 1913, 
were approved printed Proceedings for April, 1913. 

The following resolution was presented the Secretary behalf 
John Lewis, Assoc. Am. Soe. E.: 

“Moved: That the Board Direction the American Society 
Civil Engineers and hereby authorized and directed appoint 
special committee investigate the advisability drafting 
National Water Law applicable all navigable, interstate and other 
waters within the jurisdiction the United States, and embracing 
all uses water, and that such committee directed prepare 
preliminary draft such law for submission some regular meet- 
ing the Society, if, their judgment, appears advisable.” 


motion, duly seconded, the resolution was referred the Board 
Direction. 

The following motion, offered Allen Hazen, E., 
was adopted: 

“That the Board Direction consider the matter the appoint- 


ment Special Committee study the question Floods, Flood 
Prevention, and other allied subjects.” 


Phenomena the Harbor New York,” was presented the author, 
who illustrated his remarks with lantern slides. The paper was dis- 
cussed Messrs. Kennard Thomson, George Soper, Allen Hazen, 
James Owen, and Robinson. 

motion, owing the lateness the hour, and the absence 
the author, the paper entitled “Colorado River Siphon,” George 
Schobinger, Jun. Am. Soc. E., was not read, but was presented 
title only. 

The Secretary announced the election the following 
May 1913: 

MEMBERS 
SHELDON North Bay, Ont., Canada 
CHRISTOPHER Harrison, Everett, Mass. 


} 
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Epwin Hess, Clearfield, Pa. 

Epwin Easton, Pa. 

VONARTIEVELDE Topeka, Kans. 
Lewis, Duluth, Minn. 
Ottawa, Ont., Canada 
Prack, Hamilton, Ont., Canada 
Craven West Haven, Conn. 
Henry New York City 


Bryant Portland, Ore. 
Buenos Aires, Argentine Republic 
Frank New Orleans, La. 
Frep Spokane, Wash. 
Epps, Kansas Kans. 
Frank Hoyt Seattle, Wash. 
Hayne, Indianapolis, Ind. 
Frances Dobbin, Va. 
Homer Marble, Colo. 
CLARENCE Kromer, Sacramento, Cal. 
Henry Colgate, Md. 
Mites Marcu, Wilson, 
Horace Guy Crosse, Wis. 
Ben Morrow, Portland, Ore. 
ALLEN Manila, Philippine Islands 
Frep Berkeley, Cal. 
Harry Rosinson, Atlantic City, 
Ross, Hartford, Conn. 
Pierce Ryan, Hamilton, Cal. 
Percy Lancaster, Pa. 
Jay Atvorp Detroit, Mich. 
Salt Lake City, Utah 
Epwin Srort, Boston, Mass. 
Peter Swartz, Springfield, Mo. 
Van Hook, Cincinnati, Ohio 
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North Yakima, Wash. 
ANDREW WENZELL, Port Arthur, Ont., Canada 


ASSOCIATE 
Douty, New York City 


Tra Olympia, Wash. 
Mack Austin, Tex. 
Van New York City 
Harry New York City 
New Haven, Conn. 
CHARLES GILBERT REILLY, Pittsburgh, 
SANDELANDS, Quintana, Tex. 
Ernest San Francisco, Cal. 


The Secretary announced the transfer the following candidates 
May 7th, 1913: 


James South Bethlehem, Pa. 
Brent SKINNER Charlotte, 

Howes Norcross, Atlanta, 

GABRIEL Atlanta, Ga. 
Salt Lake City, Utah 
Garret Epwarp New York City 


From MEMBER 
Kansas City, Mo. 


JONATHAN New York City 


From Junior MEMBER 
Lester Baltimore, Md. 
Baltimore, Md. 


Tirrr New York City 
Decatur Halifax, S., Canada 
Jr., Detroit, Mich. 

Vernon Oakdale, Cal. 

Everett Kansas City, Mo. 

Yost, Massillon, Ohio 


Puister Austin, Tex. 


The Seeretary announced the following deaths: 

CHARLES elected Member, June ist, 1892; died 
May 3d, 1913. 

Henry WILLIAM VEHRENKAMP, Associate Member, June 
1907; Member, April 25th, 1913. 

elected- Junior, December ist, 1896; 
Associate Member, June 5th, 1907; died April 3d, 1913. 

Harry elected Associate Member, October 31st, 
1911; died April 30th, 1913. 


Adjourned. 


— 
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North Yakima, Wash. 
ANDREW WENZELL, Port Arthur, Ont., Canada 


ASSOCIATE 
Douty, New York City 


Tra Olympia, Wash. 
Van New York City 
Harry New York City 
New Haven, Conn. 
Howarp Hartford, Conn. 
CHARLES GILBERT REILLY, Pittsburgh, 
Rowe, Tacoma, Wash. 
SANDELANDS, Quintana, Tex. 
Ernest Sawyer, San Francisco, Cal. 


The Secretary announced the transfer the following candidates 
May 1913: 


From MEMBER MEMBER 
James South Bethlehem, Pa. 
Brent SKINNER Charlotte, 
Howes Norcross, Atlanta, Ga. 
Salt Lake City, Utah 
Epwarp New York City 


From MEMBER 
StrucKMANN, Kansas City, Mo. 


JONATHAN New York City 


From Junior MEMBER 
Baltimore, Md. 
Baltimore, Md. 


Tirrr New York City 
Decatur Halifax, S., Canada 

Everett Kansas City, Mo. 
Woops, Boulder, Colo. 

Yost, Massillon, Ohio 


From Junior ASSOCIATE 


The Seeretary announced the following deaths: 

elected Member, June 1892; died 
May 3d, 1913. 

Henry WILLIAM VEHRENKAMP, elected Associate Member, June 
1907; Member, 1911; died April 25th, 1913. 

Reep, Jr., elected- Junior, December 1896; 
Associate Member, June 5th, 1907; died April 3d, 1913. 

Harry elected Associate Member, October 31st, 
1911; died April 30th, 1913. 


Adjourned. 
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THE BOARD DIRECTION 


May 7th, 1913.—President Swain the chair; Chas. Warren Hunt, 
and present, also, Messrs. Bush, Churchill, Edwards, Leonard, 
Ridgway, Smith, and Snow. 

Acoustics Auditorium.—A report was received from the Library 
Committee which this matter had been referred, and was resolved 
that the Board does not deem necessary expedient take any 
further action the matter.* 

Conduct Meetings and Presentation matter 
again received careful consideration, and the Special Committee ap- 
pointed consider was requested prepare draft Report 
the Board the subject for presentation the Annual Convention. 

report was received from the General 
Conference Committee the five National Engineering Societies pre- 


senting the following Resolution recently adopted that Conference 
Committee 


“That the sense this Conference Committee that ad- 
visable that Joint Committee the National Engineering Societies 
formed for the purpose drafting Bill for the Registration 
Engineers, used, necessary, prevent vicious legislation; and 
that the members this General Conference Committee requested 
report this action their several Societies.” 


The Board declared itself accord with this suggestion, and 
appointed Messrs. Robert Ridgway and Charles Warren Hunt the 
Representatives this Society any Joint Committee which may 
appointed the other four National Societies. 

Ballots for membership were canvassed, resulting the election 
Members, Associate Members, Associate, and Juniors, and 
the transfer Juniors the grade Associate Member, and 
Junior the grade Associate. 

Eight Associate Members and one were transferred 
the grade Member, and one Associate was transferred the grade 
Associate Member. 

Applications were considered, and other routine business transacted. 


Adjourned. 


For the substance this report see page 346, 
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JOHN FRITZ, Hon. Am. Soc. E.* 


“The Board Directors the Funp Corpora- 
TION, learning with sorrow the death Mr. John Fritz his home 
South Bethlehem, Pennsylvania, February 1913, the 
ninety-first year his age, desires place upon its records this minute, 
upon the completion his long and useful life effective service 
his Profession and his country. 

“In 1902, when Mr. Fritz was approaching his eightieth birthday, 
his friends and admirers planned give dinner which should 
the guest honor. dinner, however, was felt many 
inadequate commemorate great man, and signalize the indebt- 
edness the profession engineering for such life lived. 
dinner, moreover, soon forgotten and leaves permanent record. 
Out this thought grew the idea creating fund, gift from ‘the 
many who could attend and from the many more who could not 
assembled, the income from which should used honor Mr. 
Fritz, recognize and reward achievements engineering similar 
those which had made his life valuable the Profession and 
the world. The result was substantial subscription from the mem- 
bers the four great engineering societies, and from other friends 
and professional associates Mr. Fritz, and the creation incor- 
porated body, act Trustees the fund, and the judges who should 
award medal for notable scientific industrial achievement. 

“The Directors the corporation founded April, exe- 
cute this trust, not feel that they are called upon this occasion 
make any extended reference the professional achievements 
Mr. Fritz, his fine character and the charm his personality. 
This has been done elsewhere and competent hands. But will 
proper refer the influence which the achievements and the char- 
acter the man whose name bore has always had the award 
the John Fritz Medal. The recipient must have done some nota- 
ble thing such would have commended itself the clear-headed 
judgment, and the kindly approval, the man whose honor the 
Board was created the wish and the ambition the 
Board Award that shall ever maintain the standard set the 
life and achievements Mr. Fritz the men and their achievements, 
whom the John Fritz Medal awarded. 

“The Board feels that the ordinary phrasés corporate action 
would inappropriate upon the termination such splendid life 
the summons yet higher service, especially when such Board 
exists for the specific purpose perpetuating and making influential 


Action taken the John Fritz Medal Board Award which made represent- 
atives the American Society Civil Engineers, the American Institute Minin 
Engineers, the American Society Mechanical Engineers, and the American Institute 
Electrical Engineers. 
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the noble spirit and high ideals life achieve- 
ment its field. 

“What may properly express thankfulness that the life 
was spared long, and record its pledge that this Board will ever 
strive carry out its purpose the name and the life 
John Fritz may powers for good through the years come and 
the fields Applied Science which made himself eminent, 
and that shall thus help keep bright the luster that name. 


“Resolved; That this minute spread full upon the records 
the Funp Corporation and that copies sent 
the secretaries the four engineering societies represented that 
body for such publication they may deem proper. 


“Respectfully submitted, 


“Freperick 
“CHARLES 
“Special Committee.” 


ACOUSTICS THE SOCIETY AUDITORIUM 


the Annual Meeting 1913, the following action was taken re- 
ferring the Auditorium: 

“That the Board Direction requested employ the best talent 
that available, and something make more satisfactory 
the hearers this room and the speakers 

This matter has been under careful consideration for some time, 
and expert advice has been secured which effect follows: 
That the room not all bad acoustically, and that question 
whether the slight annoyance which exists worth removing. the 
walls were subjected additional treatment the placing 
specially prepared felt the vertical panels and covering this with 
burlap, would tend make the room better acoustically. This work, 
undertaken, would cost $565. 

The Board Direction, its meeting May 7th, 1913, after 
considering the matter, decided that was not necessary 
advisable anything further this matter. 
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ANNOUNCEMENTS 


every day, except Sundays, Fourth July, Thanksgiving Day, and 
Christmas Day. 


FUTURE MEETINGS 


June 4th, 1913.—8.30 M.—This will regular business 
meeting. Two papers will presented: for discussion, follows: 
“The Philosophy Engineering,” Maurice Parsons, Jun. Am. 
E.; and “The Elevation the the Philadelphia, 
Germantown and Norristown Railroad, Philadelphia, Pa.,” Samuel 
Tobias Wagner, Am. Soc. 

Mr. Parsons’ paper was printed April, 1913, Proceedings, and 
Mr. Wagner’s paper this number Proceedings. 


September 3d, M.—A regular business meeting 
will held, and two papers will presented for discussion, follows: 
“The Storage Flood Waters for Irrigation: Study the Supply 
Available from Southern California Streams,” Strong, Assoc. 
Am. E.; and “Modern Pier Construction New York 

These papers are printed this number Proceedings. 


September 17th, this meeting paper 
Ulrich, Am. Soe. E., entitled “The Prewitt Reservoir Propo- 
sition,” will presented for discussion. 


October 1913.—8.30 M.—A regular business meeting will 
“Physical Valuation Railroads,” will presented for discussion. 

This paper published this number Proceedings. 


NEW ORLEANS MEETING 


The Meeting the Society scheduled for October 15th, 1913, will 
held New Orleans, La. 

The object making the announcement this meeting the 
present time give ample notice the membership; later an- 
nouncement, covering the matter more detail, will published 
the August number Proceedings, and quite possibly may issued 
the membership the form circular. 
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has been realized for some time that, with only one Annual Con- 
vention during each year, almost impossible hold meetings 
which will accessible the rapidly growing membership, and there 
are some localities which perhaps not desirable hold Summer 
Convention. hoped that this plan one more additional 
Society Meetings can held each year, and that these will serve 
bring the somewhat widely scattered membership into closer touch 
with the Society and its work. 

The only announcement the programme that can made 
entitled “Flood Flows,” will presented that meeting. Mr. Fuller’s 
paper printed this number Proceedings. 


ANNUAL CONVENTION 
The Forty-fifth Annual Convention the Society will held 


Ottawa, Ont., Canada, from June 17th 20th, 1913, inclusive. 
The general arrangements for the Convention are the hands 


the following Committees: 
COMMITTEE THE BOARD DIRECTION 


Rust, Chairman, 


LOCAL COMMITTEE 


Chairman, 


preliminary circular has been sent all members, and, soon 


arrangements have been completed, additional circular will 
issued. 
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INTERNATIONAL ENGINEERING CONGRESS 1915 


connection with the Panama-Pacific International Exposition, 
which will held San Francisco 1915, there will Inter- 
national Engineering Congress, which engineers throughout the 
world will invited participate. 

The Congress conducted under the auspices the five 
National Engineering Societies, namely: the American Society 
Engineers, the American Institute Mining Engineers, the 
American Society Mechanical Engineers, the American Institute 
Electrical Engineers, and the Society Naval Architects and 
Marine Engineers. 

These Societies, acting co-operation, have appointed perma- 
nent Committee Management, consisting the Presidents and Sec- 
retaries each these Societies, and eighteen members resident 
San Francisco. 


thus officially constituted, the personnel the Board 
follows: 


REPRESENTING THE AMERICAN Society ENGINEERS: 


President, 
Secretary, 

DERLETH, JR., 

Marx. 


REPRESENTING THE AMERICAN MECHANICAL ENGINEERS: 


Catvin Secretary, 

Moore, 

Ransom, 


REPRESENTING THE AMERICAN ENGINEERS: 


President, 
Secretary, 

Noyes. 
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REPRESENTING THE AMERICAN INSTITUTE ELECTRICAL ENGINEERS: 


Mersuon, President, 
Secretary, 


AND ENGINEERS: 


President, 
Cox, Secretary, 

Frear. 


The Committee has effected permanent organization, with 

Professor William Durand Chairman, and Mr. Cattell 
Secretary-Treasurer, and has established executive offices the Fox- 
croft Building, Post Street, San Francisco. 
The ten members the Committee, consisting the Presidents 
and Secretaries the five National Societies, will constitute Com- 
mittee. Participation, through which all invitations participate 
the Congress will issued Governments, Engineering Societies, 
and individuals. 


The personnel this Committee follows: 


CoMMITTEE ParTICIPATION: 


Chairman, 
Hunt, Secretary, 


The actual management the Congress and the work securing 
and publishing papers will charge the members the Com- 
mittee resident San Francisco. The work the Resident Members 
has been assigned different sub-committees, and Chairman Durand. 
has made the following appointments: 


COMMITTEE: 


May, 1913.] ANNOUNCEMENTS 351 


COMMITTEE: 


CoMMITTEE: 


Hunt, Chairman, 


CoMMITTEE: 


LocaL 


The Honorary Officers the Congress will consist President 
and number Vice-Presidents selected from among the most dis- 
tinguished engineers this and foreign countries. 

The papers presented the Congress will naturally divided into 
groups sections. During the Congress each section will hold inde- 
pendent which will presided over chairman eminent 
specialist the branches engineering covered his section. 

The scope and magnitude the Congress has not yet been defi- 
nitely fixed, but intended that shall the largest and most 
comprehensive Engineering Congress ever held; that the progress made 
every branch the Profession the past decade thoroughly 
reviewed, and the latest developments and most approved practices, 
accurately stated the leading engineers the world. 

The papers, which will collected and published the Congress, 
should form invaluable engineering library, and intended that 
this publication shall such form and such cost become 
available the greatest possible number. 

The various committees are now actively work, and hoped 
that further and more definite announcements the membership 
fees, papers, can made the very near 


SEARCHES THE LIBRARY 


January, 1902, the Secretary was authorized make searches 
the Library, upon request, and charge therefor the actual cost 
the Society for the extra work many 
searches have been made, and bibliographies and other information 
special subjects furnished. 
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The resulting the members who have made use 
the resources the Society this manner, has been expressed fre- 
quently, and leaves little doubt that, were generally known the 
membership that such work would undertaken, many would avail 
themselves it. 

The cost trifling compared with the value the time 
engineer who looks such matters himself, and the work can 
performed quite well, and much more quickly, persons familiar 
with the Library. 

asking that such work undertaken, members should specify 
clearly the subject covered, and whether references general 
books only are desired, whether complete bibliography, involving 
search through periodical literature, desired. 

reference this work, the Appendices* the Annual Reports 
the Board Direction for the years ending December 1906, 


and 1910, contain summaries all searches made 
date. 


PAPERS AND DISCUSSIONS 


Members and others who take part the oral discussions the 
papers presented are urged revise their remarks promptly. Written 
from those who cannot attend the meetings should 
sent the earliest possible date after the issue paper 
Proceedings. 

All papers accepted the Publication Committee are classified 
the Committee with respect their availability for discussion 
meetings. 

Papers which, from their general nature, appear charac- 
suitable for oral discussion, will published heretofore 
Proceedings, and set down for presentation future meeting the 
Society, and, these, oral discussions, well written communica- 
tions, will solicited. 

All papers which not come under this heading, say, 
those which from their mathematical technical nature, the 
opinion the Committee are not adapted oral discussion, will not 
scheduled for presentation any, Such papers will 
published Proceedings the same manner those which are 
presented meetings, but written discussions, only, will re- 
quested for subsequent publication Proceedings and with the paper 


Proceedings, XXXIII, (January, 1907); Vol. XXXVII, (January, 1911), 
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LOCAL ASSOCIATIONS MEMBERS 
THE AMERICAN SOCIETY CIVIL ENGINEERS 


San Francisco Association 


The San Francisco Association Members the American 
Society Civil Engineers holds regular bi-monthly meetings, with 
banquet, and weekly informal luncheons. The former are held 
M., the Palace Hotel, the third Friday February, April, 
June, August, October, and December, the last being the Annual 
Meeting the Association. 

Informal luncheons are held 12.15 every Wednesday, and 
the place meeting may ascertained communicating with the 
713 Mechanics’ Institute, Post Street. 

The by-laws the Association provide for the extension. hospi- 
tality any member the Society who may temporarily San 
Francisco, and any such member will gladly welcomed guest. 


(Abstract Minutes Meeting) 


February 21st, 1913.—The meeting was called order; President 
Wing the chair; Thurston, Jr., Secretary; and present, also, 
members. 


President delivered his Inaugural Address. 


“Some Glimpses and Criticisms Public Work San Francisco,” 
was presented the author, who illustrated his remarks with stereopti- 
con views various types municipal work. 

Adjourned. 


Colorado Association 


The meetings the Colorado Association Members the 
American Society Civil Engineers are held the second Saturday 
each month, except July and August. The hour and place meet- 
ing are not fixed, but this information will furnished application 
the Secretary, Gavin Houston, Am. Soc. E., 409 Equitable 
Building, Denver, Colo. The meetings are usually preceded 
informal dinner. Members the American Society Civil Engineers 
will welcomed these meetings. 

Weekly luncheons are held Wednesdays, and, until further 
notice, will take place the Colorado Traffic Club. 

Visiting members are urged attend the ‘meetings and luncheons. 


(Abstract Minutes Meetings) 


March 8th, meeting was called order; President 
Ketchum the chair; Houston, Secretary; and present, also, 

President ‘Ketchum introduced Mr. Platt Rogers, who addressed 
the meeting the interests The Citizens’ Protective League. 
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“Work .of the Reclamation with 
lantern slides. 

The question the National Enginéering Congress held 
the Exposition San Francisco 1915, was pre- 
sented George Anderson, Am. Soc. E., who the 
Association give the matter its moral and financial support. Having 
been moved and seconded, the question financial assistance was 
referred the Executive Committee. 


Adjourned. 


April meeting was called order; President 
Ketchum the chair; Houston, Secretary; and present, also, 
members and guests. 

The minutes the meeting March 8th, 1913, were read and 
approved. 

paper, entitled “Structural Steel,” Reichman, Am. 
Soe. E., was presented the author, and the subject was generally 
discussed those present. 

vote thanks was extended Mr. Reichman for his paper. 


Adjourned. 


Atlanta Association 


March 14th, 1912, the Atlanta Association Members the 
American Society Civil Engineers was organized, with the following 
officers: Arthur Pew, President; William Hansell, Jr., Secretary; 
‘and Messrs. James Hazlehurst and Alexander Bonnyman, Members 
the Executive Committee. The Association will hold its meetings 
the house the University Club. 


PRIVILEGES ENGINEERING SOCIETIES 
EXTENDED MEMBERS THE 
AMERICAN SOCIETY CIVIL ENGINEERS 


Members the American Society Civil Engineerg will wel- 
comed the following Engineering Societies, both the use their 
Reading Rooms and all meetings: 


American Institute Mining Engineers, West Thirty-ninth Street, 
New York City. 

American Society Mechanical Engineers, West Thirty-ninth 
Street, New York City. 

Architekten-Verein Berlin, Wilhelmstrasse 92, Berlin 66, 
Germany. 

dos Engenheiros Civis Portuguezes, Lisbon, Portugal. 

Australasian Institute Mining Engineers, Melbourne, Victoria, 
Australia. 
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Boston Society Civil Engineers, 715 Tremont Temple, Boston, 
Mass. 

Brooklyn Engineers’ 117 Remsen Street, Brooklyn, 

Canadian Society Civil Engineers, 413 Dorchester Street, West, 
Montreal, Que., Canada. 

Civil Engineers’ Society St. Paul, St. Paul, Minn. 

Cleveland Engineering Society, Chamber Commerce Building, 
Cleveland, Ohio. 

Cleveland Institute Engineers, Middlesbrough, England. 

Dansk Ingeniorforening, Amaliegade 38, Copenhagen, Denmark. 

Engineers’ and Architects’ Club Louisville, Ky., 303 Norton 
Building, Fourth and Jefferson Streets, Louisville, Ky. 

Engineers’ Club Baltimore, Baltimore, Md. 

Engineers’ Club Minneapolis, South Sixth Street, Minneapolis, 
Minn. 
Engineers’ Club Philadelphia, 1317 Spruce Street, Philadelphia, Pa. 

Engineers’ Club St. Louis, 3817 Olive Street, St. Louis, Mo. 

Engineers’ Club Toronto, King Street, West, Toronto, Ont., 
Canada. 

Engineers’ Society Northeastern Pennsylvania, 302 Board 
Trade Building, Scranton, Pa. 

Engineers’ Society Pennsylvania, 219 Market Street, Harrisburg, 
Pa. 

Engineers’ Society Western Pennsylvania, 2511 Oliver Building, 
Pittsburgh, Pa. 

Institute Marine Engineers, Romford Road, Lon- 
don, E., England. 

Institution Engineers the River Plate, Buenos Aires, Ar- 
gentine Republic. 

Institution Naval Architects, Adelphi Terrace, London, C., 
England. 

Junior Institution Engineers, Victoria Street, 
W., London, England. 

Koninklijk Instituut van Ingenieurs, The Hague, The Netherlands. 

Louisiana Engineering Society, 321 Bank Building, New 
Orleans, La. 

Memphis Engineering Society, Tenn. 


Institute Mining, Civil and Mechanical Engineers, 
Sheffield, England. 


Montana Society Engineers, Butte, Mont. 


North Institute Mining and Mechanical Engineers, 
Newcastle-upon-Tyne, England. 
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Oesterreichischer Ingenieur- und Architekten-Verein, Eschen- 
bachgasse Vienna, Austria. 

Pacific Northwest Society Engineers, 803 Central Building, Seat- 
tle, Wash. 

Rochester Engineering Society, Rochester, 

Sachsischer Ingenieur- und Architekten-Verein, Dresden, Germany. 

Sociedad Colombiana Ingenieros, Bogota, Colombia. 

Sociedad Ingenieros del Peru, Lima, Peru. 

Societe des Ingenieurs Civils France, Rue Blanche, Paris, 
France. 

Society Engineers, Victoria Street, Westminster, W., 
London, England. 

Svenska Teknologforeningen, Brunkebergstorg 18, Stockholm, 
Sweden. 

Tekniske Forening, Vestre Boulevard Copenhagen, Denmark, 

Western Society Engineers, 1737 Monadnock Block, Chicago, 
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ACCESSIONS THE LIBRARY 
(From April May 3d, 1913) 


DONATIONS* 
ASPHALT CONSTRUCTION FOR PAVEMENTS AND HIGHWAYS: 


Pocketbook Engineers, Contractors, and 


155 pp. New York and London, McGraw-Hill Book Company, 
1913. $2.00. 


This pocket-book has been prepared, the author states, aid highway 
engineers, contractors, and inspectors, the details necessary complete suc- 
cess the construction sheet asphalt pavements. The subject-matter said 
based the author’s personal experience such work, extending over thirty- 
five years, and relates detail the procedure which must followed 
the contractor and highway engineer, inexperienced such work, select the 
best materials and organize force which will produce the best results with 
such material, the construction such pavements. the book 
for reference published its present form, order that may easily 
carried coat pocket. Contents are: Introductory; Broken Stone; Foun- 
dation; The Intermediate Course; The Mineral Aggregate; Filler Dust; Native 
Bitumens; Fluxes; Asphalt Cement; Surface Mixtures; Maintenance and 
The Plant; Work Upon the Streets; Advice Engineers, Contractors and 
Inspectors; Laboratory; Methods for Examination Bituminous Materials and 


Mineral Aggregates; Instructions for Taking Samples and Specimens Materials 
for Examination; Index. 


SPECIFICATIONS FOR STREET ROADWAY PAVEMENTS 


With Instructions Inspectors Street Paving Work. 
Whinery, Am. Soc. Second Edition, Revised, Enlarged, 
and Entirely Reset. Cloth, in., illus. 116 pp. New 
York and London, McGraw-Hill Book Company, 1913. $1.00. 


The first edition this book was published 1907, since which time, great 
advances have been made the design and construction street pavements and 
specifications for such work. this new edition, the author, stated, has 
revised and enlarged the original specifications conform such advance, es- 
pecially form, scope, and phraseology. has also added specifications for 
two comparatively new kinds roadway pavement and for concrete sidewalk and 
concrete combined curb and gutter, well second part, Instructions 
Inspectors, which complete and comprehensive code instructions for pave- 
ment inspectors, given. The Contents are: Part Specifications: Introductory 
Specifications: General; Foundations; Sheet Asphalt Pavement; Asphalt Block 
Pavement; Granite Block Pavement; Brick Pavement; Wood Block Pavement; 
Bituminous Concrete Pavement; Hydraulic Concrete Pavement; Experimental 


Untried Pavements; Concrete Curb and Gutter; Concrete Sidewalks. Part II, 
Instructions Inspectors. 


CIVIL ENGINEERS’ POCKET-BOOK 


Reference-Book for Engineers, Contractors, and Students, Con- 
taining Rules, Data, Methods, Formulas, and Tables. Albert 
New York, Van Nostrand Company; London, Constable and 
Company, Ltd., 1913. $5.00. (Donated the-Author.) 


The preparation notes for this volume, which includes rules, data, methods, 
formulas, and tables for bridges, buildings, ‘water-works, sewers, surveys, etc., was 
begun, stated, several years ago. The arrangement the subject-matter 
numbered Sections such that all the general data may found readily 
from the Table Contents. the end many the Sections references 
valuable data leading technical publications found. Special attention 
invited the author the vast number tables, their completeness and 
arrangement, nearly all which are stated have been subjected test prac- 
tical work. The logarithmic tables are stated comprise both the common and 


Unless otherwise specified, books this list have been donated the publishers. 
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hyperbolic systems, the latter being useful certain calculations and 
steam engineering, and both the logarithmic and trigonometric tables are carried out 
five decimal places. tables cubes and squares will found useful, 
said, the structural detailer, been calculated the incremental, additive 


method which self-checking. the end the book the author has included 
extensive Glossary and Index. 


Giovanni Battista Venturi, Born 1746, Clemens Herschel, Born 
1842. Walter Kent. Cloth, in., illus., pp. London, 
Blades, East Blades, 1912. (Donated the Author.) 


This book, said, brief review the characteristics and work two 
great contributors the theory and practice hydraulics: Venturi, who his 
perseverance, discovered the precise operation and underlying principles 
certain hydraulic phenomena, and Herschel, who his the Venturi 
meter, applied these principles and opened the way greater economy and efficiency 
the practical work his profession. The author states that the purpose the 
book will served those who hear the name Venturi will thereby reminded 
that Herschel and give both men the honor that their due. 


INTRODUCTION SCIENCE L’INGENIEUR 


Aide-Mémoire des Ingenieurs, des Architectes, etc., Partie Theorique. 
Par Olaudel. Edition, Refondue, Revue, 


Corrigée, par Georgies Davies. Paper, in., illus., vol. Paris, 
Dunod Pinat, 1913. franes. 


The success this work, stated, due largely the amount and variety 
practical matter contained therein. The subject-matter, the character which 
remains practically the same former editions, has been thoroughly revised and 
modified conform present methods instruction technical schools, the old 
mathematical and mechanical characters having been replaced modern ones. The 
Geometry stated entirely new, well the special chapters 
Graphical Calculations and Mechanics, some new ideas regard the theory 
potential and elasticity having been introduced into the latter chapter. The chapters 
Algebra and Analytical Geometry have been considerably enlarged and are said 
contain all that necessary the study resistance, hydraulics, electricity, etc. 
The chapter Topography has also been enlarged and the instructions made con- 
form modern practice. The Contents are: Vol. Arithmétique; Algébre; Géo- 
métrie; Trigonométre; Topographie. Vol. II. Calcul Différentiel Intégral; Géo- 


métrie Analytique; Graphique Mécanique; Mécanique; Géométrie Descrip- 
tive; Dessin Graphique Lavis. 


McGRAW ELECTRIC RAILWAY MANUAL, 1913: 


The Red Book American Electric Railway Investments. Edited 
Nicholas. Twentieth Annual Number. Cloth, in., 


342 New York, McGraw Publishing Company, 
Tne., 1913. $7.50. 


The 1913 edition this book follows, stated, the general principles 
the previous editions with the necessary modifications. said manual 
the securities, traffic statistics, earnings, officers, directors, and equipment street 
and interurban. railways the United States, Canada, Cuba, and the West Indies. 
The subject-matter arranged alphabetically States and cities, and under each 
railway given brief history the company, its capital stock, funded debt, 
the earnings, expenses, and disposition incomes for three consecutive years, 
track and equipment, names and addresses officers, and addresses general offices, 
repair shops, etc. Maps showing the main and connecting lines, well the 
location and nature the properties, many the larger companies are included. 
the end the book list street and interurban railway associations given, 
with the names and addresses their officers. There also Index ten 
pages the railway companies included the Manual. 


PANAMA, PAST AND PRESENT. 
Farnham Bishop. Cloth, in., illus., 271 pp. New 


York, The Century Co., 1913. cents. 


the Introduction this book stated popular treatise the 
Panama Canal, made up, stated the preface, fighting and machinery. Chap- 
ters have with the history Panama its earliest times, including 
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many thrilling and interesting details, how the Americans built the Panama Rail- 
road the jungle, and how the French Company attempted dig the Canal. Chap- 
ters XVI, are devoted the Panama to-day, including descriptions the 
sanitary work accomplished the American officials, the Canal, the employees, 
their work and play, etc. The author the son Joseph Bucklin Bishop, the Sec- 
retary the Isthmian Canal Commission, from whom and many others 
obtained his information. The Chapter headings are: Geographical Introduction: How 
Columbus Sought for the Strait; How the Spaniards Settled Darien; How Nufiez 
Balboa Found the Scuth Sea; How Pedrarias, the Cruel, Built Old Panama; How 
Sir Francis Drake Raided the Isthmus; How Morgan, the Buccaneer, Sacked Old 
Panama; How the English Failed Take New Panama; How the Americans Built 
the Panama Railroad; How the French Tried Dig the Canal; How Panama Be- 
came Republic; How the Isthmus was Made Healthy; How Are Building the 
Canal; How Live the Isthmus To-Day; How Colonel Goethals Has Made 
Good; What the Future May Bring Forth; Appendix: Columbus and Limon Bay; 
Matachin; Panama and the Pan-American Railroad; Spillway, Gatun Dam; The 
Spanish Main; Piece Hight; Value the French Purchase; Canal 
Work, May 1912; Canal Statistics; Panama Canal Toll Rates; Index. 


INDEX ANNUAL FOR 1912. 


Compiled from the Engineering Index Published Monthly the 
Engineering Magazine During 1912. Twenty-ninth Year. Cloth, 


104 in., 510 pp. New York and London, The Engineering 
Magazine Co., 1913. $2.00, 


This volume The Engineering Index, together with the ten volumes previously 
published, forms continuous index the engineering and technical literature 
the past years, October, 1912. The arrangement the subject-matter 
remains the same previous volumes, the articles being first grouped under such 
engineering Civil, Electrical, Industrial Economy, Marine and Naval 
Engineering, Mechanical, Mining and Metallurgy, Railway, and Street and Electric 
Railways. then divided into special recognized divisions those sub- 
jects, are afterward sorted into closely related sections, the final arrange- 
ment under each section being alphabetical. Serial articles, with few exceptions, 
are indexed under the first installment. The Index comprises about 250 periodicals, 
including English, German, French, Spanish, Italian, and Dutch journals. With 
each entry are given the title, author, brief descriptive note defining the scope and 
purport the article, the number words contains, the name and date the 
periodical, and, many cases, the price, the Index being intended guide the 
information contained technical periodicals engineering literature and closely 
allied subjects. alphabetical list periodicals given, including name, issues 
per year, and place publication and there also Classification the Index 
which gives the main and sub-heads the arrangement, well every catch-word, 
with page references. 


Gifts have also been received from the following: 


Am. Electrochemical Soc. vol. Canadian Min. Inst. vol. 
Am. Inst. Min. Engrs. bound vol. Chicago San. Dist. bound vol. 
Am. Ry. Bridge and Bldg. Assoc. vol. Cincinnati Northern Co. pam. 


Am. Ry. Eng. Assoc. pam. Clark, Roscoe pam. 
Arnold, Bion bound vol., Cleveland, Ohio-River and Harbor Comm. 
Amicale des Anciens pam. 
Centrale des Arts des Cleveland, Cincinnati, Chicago St. 
vol. Louis Ry. Co. pam. 
Baltimore, Md.-Harbor Board. pam. Colorado-Bureau Mines. bound vol. 
Bengal, India-Irrig. Dept. pam. Colorado-State Agri. Coll. pam. 
Bibbins, James Rowland. bound vol. Colorado-State Comm. pam. 
Branner, John pam. Colorado, Univ. of. vol., pam. 
Brookline, Mass.-Water Board. pam. Columbia Univ. pam. 
Bureau Ry. pam. Connecticut Public Utilities Comm. 
Burgess, pam. bound vol. 
California-Dept. Eng. vol. Connecticut-Rivers, Harbors and Bridges 
California-R. Comm. bound vol. Comm. 


California-State Conservation Comm. Delaware-Oyster Survey Comm. pam. 
Min. Bureau. bound Dist. Columbia-Insp. vol. 


California-State Water Comm. vol. Soc. Pennsylvania. vol. 
Canada-Dept. Mines. pam., Park Art pam. 

maps. Fitchburg, Mass.-City Engr. pam. 


Canada-Supt. Forestry. pam. Goodrich, pam. 
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Great Britain-Road Board. pam. 


Haviland, Dozier Tibbetts. pam. 

Hedde, Peter. bound vol. 

Hawaii-San. Comm.. pam. 

Comm. pam. 

Canal Commrs. bound 
vol. 

Institution Civ. Engrs. bound vol. 

Library. pam. 

Jameson, Charles Davis. pam. 

Kansas-Public Utilities Comm. vol. 

Kansas-State Board Agri. bound 


vol. 
Kentucky-Commr. Public Roads. 
pam. 
Kentucky-R. Comm. map. 
Koninklijk Instituut van Ingenieurs. 
pam. 
Leominster, Mass.-Water Board. 
Lewiston, Me.-Water Board. 
Little Falls, Y.- Board Public 
Works. pam. 
Louisiana-Board Agri. 
tion. pam., map. 


pam. 
pam. 


and Immigra- 


Madras, India-Public Works Dept. 
pam. 

Maine-Registrar Vital Statistics. 


bound vol. 
Massachusetts-Board Harbor and Land 
Commrs. bound vol. 
vol. 
Massachusetts-Wachusett Mountain State 
Reservation Comm. pam. 
Mexican Ry. Co., Ltd. pam. 
Michigan Central Co. pam. 
Miller, Cyrus pam. 
Minneapolis St. Louis Co. pam. 
Missouri, Univ. of. pam. 
«National Fire Protection Assoc. 
Nebraska, Univ. of. pam. 
Nevada-State Engr. pam. 
New Jersey-Board Equalization 


pam. 


Taxes. pam. 

New Jersey-Commr. Public Roads. 
bound vol. 

New York City-Dept. Docks and Fer- 
ries. pam. 


New York City-Dept. Parks. pam, 
New City-Met. Sewerage Comm. 


New York State-Public Service Comm., 
First Dist. bound vol. 

New York-State Reservation Saratoga 
Springs. pam 


Commrs. pam 


North Carolina-Geol. ‘and Economic Sur- 
vey. pam. 


Ohio-Geol. Survey. bound vol. 
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Ohio-Highway Dept. 

Ohio-State Board Health. bound vol. 

Ohio Light Assoc. pam. 

Oregon-State Engr. pam. 

Oregon-State Library. pam. 

Pennsylvania Co. pam. 

Pennsylvania State Coll. vol. 

Peoria Eastern Ry. Co. pam. 

Permanent Inter. Assoc. Cong. 
Navigation. pam. 

Pulligny, Jean de. pam. 

Punjab, India-Public Dept. pam. 

Reibling, 


Rutland, Clerk. pam. 
Rutland Co. pam. 
Mich.-Board Water Commrs. 


Saginaw, 
pam. 

St. Louis, Mo., Merchants’ Exchange. 
vol. 


Smithsonian Institution. pam. 
Ingénieurs Civils France. 
vol. 

Soc. for the Promotion Eng. 
bound vol. 

Soc. Chemical Industry. pam. 

South African Eng. Standards Committee. 
pam. 

South Commrs. bound 
vol. 

Springfield, Mass.-Water Commrs. vol. 

Syracuse Univ. vol. 

Taunton, Mass.-Water Commrs. pam. 

Tonindustrie- -Zeitung. pam. 

Toronto, Hamilton Buffalo Ry. Co. 
pam. 

Toronto, Univ. of. vol. 

Union Pacific Co.-Educational Bu- 
reau. pam. 

pam. 

pam. 

S.-Chf. Engrs. specif. 

and Geodetic Survey. 
bound vol., pam. 

Survey. bound vol., 

S.-Interstate Commerce Comm. vol. 

pam. 

Vermont, Univ. of. vol. 

Washington-State Board Tax Commrs. 
1 pam. 

West Virginia-Geol. Survey. bound vol. 


bound 


vol., 


pam. 


PURCHASE 


Reports Decisions the Public Service Commission, First Dis- 
trict, the State New York; Vol. Sept. 1909, January 


1912. 


Published the Commission, New York, 1912. 


Industrial Chemistry: Manual for the Student and Manufacturer. 


Edited Allen Rogers and Alfred Aubert. 


pany, New York, 1913. 


Van Nostrand Com- 
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Winding Engines and Winding Appliances, Their Design and Eco- 
nomical Working. George McCulloch and Campbell Futers. 
Edward Arnold, London, 1912. 


The Elements Machine Design, Pt. Chiefly Engine Details. 
Cawthorne Unwin Mellanby. New and Revised 
Edition. Longmans, Green and Co., New York and London, 1912. 


Handbook Land Drainage, Principally Based Upon the Require- 
ments the Syllabus Issued the Surveyors’ Institution. 
Mitchell. Third Edition. Land Agents’ Record, Limited, London. 


Mitteilungen uber Forschungsarbeiten auf des In- 
insbesondere aus den Laboratorien der technischen 
Hochschulen. Herausgegeben vom Verein deutscher Ingenieure. Hefte 
131-132. Julius Springer, Berlin, 1913. 


The Elements Heating and Ventilation: Text-Book for Stu- 
dents, Engineers and Architects. Arthur Greene, John 
Wiley Sons, New York; Chapman Hall, Limited, London, 1913. 


The Gas, Petrol, and Oil Engine, Vol. The Gas, Petrol and Oil 
Engine Practice. Dugald Clerk and Burls. Re- 
vised Edition. John Wiley Sons, New York, 1913. 


The Theory and Practice Working Plans (Forest Organization). 


Recknagel. John Wiley Sons, New York; Chapman 
Hall, Limited, London, 1913. 


American Mine Accounting: Methods and Forms Employed 


Leading Mining Companies. Charlton. McGraw-Hill Book 
Co., New York and London, 1913. 


Electric Furnaces the Iron and Steel Industry. Roden- 
hauser and Schoenawa. From Advance Sheets the Second German 
Edition. Authorized Translation and Additions Vom Baur. 


John Wiley Sons, New York; Chapman Hall, Limited, London, 
1913. 


Design Polyphase Generators and Motors. Henry Hobart. 
McGraw-Hill Book Co., New York and London, 1913. 


Synchronous Motors and Converters: Theory and Methods Calcu- 
lation and Testing. André Blondel. Translated from the French 
Mailloux, with Additional Chapters Comfort Adams. 
McGraw-Hill Book Co., New York and London, 1913. 


Worm Gearing. Hugh Kerr Thomas. McGraw-Hill Book Co., 
New York and London, 1913. 


Evolution the Internal Combustion Engine. 
Charles Griffin Company, Limited, London, 1912. 


Analytical Chemistry, Vol. Quantitative Analysis. 
Treadwell. Authorized Translation from the German, William 
Hall. Third Edition, Revised and Enlarged. John Wiley Sons, 
New York Chapman Hall, Limited, London, 1912. 


Edward Butler. 
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Determinative Mineralogy with Tables for the Determination 
Minerals Means Their Chemical and 


Volney Lewis. John Wiley Sons, New York; Chapman Hall, 
Limited, London, 1913. 


Manual Wireless Telegraphy and Telephony. Frederick 
Collins: Third Edition, Revised and Enlarged. John Wiley Sons, 
New York Chapman Hall, Limited, London, 1913. 


Manual Cement Testing for the Use Engineers and Chemists 
Colleges and the Field. William Allyn Richards and Henry 
Briggs North. Van Nostrand Company, New York, 1912. 


Transmission Line Formulas for Electrical Engineers and Engineer- 


ing Students: Herbert Bristol Dwight. Van Nostrand Company, 
New ork, 1913. 


Introduction the Study Fuel: Text Book for Those 
Entering the Engineering, Chemical and Technical Industries. 
Van Nostrand Company, New York, 1912. 


Mulford. Van Nostrand Company, New York, 1912. 


Statische Berechnung von Tunnelmauerwerk: Grundlagen und 
Anwendung auf die wichtigsten Kommerell. 
Wilhelm Ernst Sohn, Berlin, 1912. 


Taschenbuch fur Kanalisations-Ingenieure. Zweite 
Auflage. Oldenbourg, Miinchen und Berlin, 1912. 


SUMMARY ACCESSIONS 
(From April May 3d, 1913) 


Donations (including duplicates) 
purchase 


May, 1913.] 


MEMBERSHIP 
ADDITIONS 
(From April 4th May 8th, 1913) 
MEMBERS 
ALFRED Civ. and Mech. Engr. (H. 
Owens-A. Bouillon), Empire Bldg., Seattle, Wash. 


Engr. Office, Nashville, Tenn 

Harry Frank. Div. Engr., Bureau 

Public Works, Manila, Philippine 

ALLAN Vice-Pres. and Chf. Engr., 
Louisiana Meadows Co., 901 Maison Blanche Bldg., 

WILTON. Cons. Engr. (Pollard Ellms), 
603 Miles Greenwood Cincinnati, Ohio...... 

EvANs, DEAN. Constr. Mgr., Elec. Bond Share 
Co., Broadway, New York City (Res., Alta Ave., 

Dredging Co., 542 Rockefeller 

GRAY, ALEXANDER. Asst. Upper Ottawa 
Storage, Public Works, Canada, Box 560, 

GRETH, JOHN CHARLES Mgr., Water Purifying 

Ry., 1005 Bldg., Los An- 

Harvey, Care, Pearson Son, 507 

Haynes, Engr., The Modern 
Steel Structural Co., 207 McCall St., 

Civ. and Hydr. Engr., 242 
East Main St., Stockton, Cal......... 

Hess, ALFRED 1108 Park Ave., Williamsport, Pa. 

Parsons. Borough Engr., 
Washington and Alpha, J.; South 
Main St., Phillipsburg, J.......... 


Engr. The Royal Comm. Sewage Disposal, West 
Wickham, Kent. 
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Date 

Membership. 
April 1913 
1910 
April 1913 
1908 
April 1913 
1913 
April 1913 
April 1913 
April 1913 
Mar. 1909 
April 1913 
April. 1913 
Mar. 1913 
June 1907 
Mar. 1913 
April 1913 
Sept. 1908 
April 1913 
April 1913 
April 1913 
1905 
1913 
1913 
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MEMBERS (Continued) 
Contr. Engr., Missouri Val. Bridge 
Iron Co., 215 Fourth Ave., Leavenworth, 
CHARLES Asst. Prof., Archi- 
tectural Constr., Harvard Univ.; Cons. 
Architectural Engr., Walker 
Cambridge, Mass 


440 William St., East Orange, 


KRIEGSHABER, (V. Kriegshaber Son), 
330 Candler Bldg., Atlanta, 

MEAD, JOHN. 2317 Lincoln Ave., Fort Worth, Tex 


Dept. Agri., Forest Service, 1025 


First National Bank Bldg., San Fran- 

MILLER, ARTHUR South Fullerton Ave., Mont- 


PARKER, WILLIAM Epwarp. Asst., Coast and Geo- 
detic Survey, Washington, 

PATSTONE, LEWIS FREDERICK. 620 South Gilbert St., Ada, 

JAMES Asst. Gen. Mgr., Assoc. 
Ramapo Iron Works, Hillburn, Y.. 


ASSOCIATE MEMBERS 
ADAMS, FRANK 1002 Gas and Elec. Bldg., Denver, 


JUAN BATISTE Supt. Constr., Porto 
Rico Irrig. Service, Guayama, Porto Rico.......... 
Bors, FRANK CHARLES. 110 Springfield Ave., West New 
Buss, Stacey. Senior Asst. Engr., Board 
Water Supply, City New York, High Falls, Y.. 
JAMES Designing Engr., Office City 
Engr., 920 Fifth San Diego, Cal............ 
CULLEN, Asst. Constr. Supt., White 
Day, Asst. Engr., Hudson Manhattan 
600 Riverside Drive, New York City...... 
Ry., Port Arthur, Ont., 
Harry Supt. Bldgs., Constr., and 
Surveys, Nipe Bay Co., Preston, 
MATTHEW Care, Ebro Irrig. Power 
Co., Ltd., Apartado No. 1-Tremp, 
rida, Spain 


Assoc. 
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Date 
Membership. 


April 


April 


April 


April 


April 
April 
April 
Mar. 
April 


Oct. 
April 


1913 


1907 
1913 


1913 


1913 
1912 


1909 
1913 
1913 
1913 
1913 


1904 
1913 


1913 


1913 


1913 


1913 


1913 


1913 


1913 


1913 


1913 


April 
Mar. 
April 
April 
April 
April 
April 
April 
Feb. 
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ASSOCIATE (Continued) 
WILLIAM Asst. Engr., Ambursen Hydr. 
Constr. Co. Canada, Ltd., 322 New Birks Bldg., 
Chf. Insp. Great Britain 
for the Inspection and Reception Material for 
the Argentine Hamilton London, England. 
Gustav 301 Commonwealth Trust Bldg., 
Engr. and Mgr. for the 
Trussed Concrete Steel Co., Care, Arnhold, 
GERHARD, NORMAN Asst. Eng., New York Board 
Water Supply, Scarsdale, 
Gross, McCormick. Asst. Engr.,. Board of. Public 
WALLACE Bridge Hampton, Jun. 
Freperic Chf. Engr.,. Wilkinson Foun- 
dry Mfg. Co., 1101 Washington St., Wilmington, 


JOHNSON, GRANVILLE. (Monks Johnson), 
Water St., Boston, Assoc. 


JORDAN, JAMES CAREY. Draftsman, County Engr.’s Office, 
308 Court. House, Pittsburgh, 
Junior Civ. Engr., Box 404, Vicks- 
Assoc. 
LANE, Min. and Civ. Engr., 901 Union Oil 
LAWRENCE, RALPH JoRDAN. 4432 Mitchell St., Roxbor- 
ough, Philadelphia, 
LowELL, JAMES BENNETT. Supt. Constr., George Fuller 
Co., Brattle St., Worcester, Mass............ 
MACKLEM, Norris Engr., Div. 
Bldg. Maintenance and Repair, Bureau Jun. 
Public Works, Manila, Philippine 
JOSEPH NEWALL. Engr. and Supt., Plain- 
ville Water Co., Box 149, Plainville, Conn........ 
Davis. Asst. Engr., Houston Texas 
Central 
Survey, Washington, 
SHERMAN. Junior Engr., Lake Survey, 205 
Old Custom House, Detroit, Mich.............. 
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Date 
Membership. 

April. 
Jan. 1913 
Feb. 1913 
April 
April 1913 
Jan. 1908 
April 1913 
Mar. 1907 
April 1913 
April 1913 
1908 
April 1913 
Feb. 1913 
April 1913 
April 1913 
1907 
Dec. 1912 
Mar. 1913 
April 1913 
April 1913 
April 1913 
April 1913 
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ASSOCIATE MEMBERS (Continued) 
PALMER, GEORGE BUSHNELL. Engr. and Supt., for Arthur 
806 East 132d St., New York 
Lyceum Bldg., Duluth, 
ABRAHAM JOHN. Box 226, Upland, 
Scopey, Engr., Irrigation In- 


Epwarp Lewis. Instr. Civ. Eng., Michigan 
Agricultural Coll., Box 1018, East Lansing, 
Snyper, Structural Engr., 


Heard National Bank Bldg., Jackson- 
Assoc. 

THORNE, JENT City Engr., 317 Howes Clin- 


TOWNSEND, FRANK THORN. 490 Norwood Ave., Buffalo, 


TRELEASE, FRANK JOHNSON. Chf. Research Jun. 
Dept., Corrugated Bar Co., Buffalo, 
WILLIAMS, HASWELL Engr., Henry Miller, 
Inc., 106 Dover St., Baltimore, 
Harry Asst. Engr., Paving 
YOUNGBLUTT, FREDERICK CARL. Supt. Operation, Lower 
Yellowstone Project, Reclamation Service, 
Savage, Mont 


ASSOCIATES 


MEHREN, Managing Editor, 
Engineering Record, 239 West 39th St., 
New York City 


HERBERT CHASE. 156 Western Ave., Albany, Y... 


JUNIORS 


ACKHART, ANDREW 611 Jarvis St., Toronto, Ont., 


361 Fifth Ave., North, Troy, 


Rex Epwarp. Instr. Civ. Eng., Oregon Agri. 
ANTHONY. Designer and Draftsman, Dept. 
Natural Resources, Ry., Brooks, Alberta, 
Canada 


HAMMILL, 2032 Parker St., Berkeley, Cal. 


Asst. Robert Boyd, 179 Lewis Ave., 
INGALLS, JAMES WARREN. Baker St., Lynn, Mass...... 
MENGEL, CARL Engr., John Roper Lumber Co., 
Norfolk, 
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Date 
Membership. 
1913 
April 1913 
1913 
April 1913 
1913 
Nov. 30, 1909 
Jan, 1913 
Feb. 1913 
April 1913 
1913 
April 1913 
1913 
April 1913 
Oct. 30, 1906 
Jan 1913 
April 1913 
Mar. 1913 
April 1913 
1913 
Feb. 1913 
April 1913 
April 1913 
Mar. 1913 


1913 


Membership. 

EpMUND JOHN. Asst. Constr. Engr., Wade 

Dorman, Ltd., Box 2997, Johannesburg, South 

Kart Lewis. Brinkley, Ark................... 1912 
WERNECKE, Fourth North, Seattle, 


CHANGES ADDRESS 
MEMBERS 


ABBOT, FREDERICK WILLIAM. Mgr. Constr., Ebro Irrig. Power Co., 
Apartado No. 14, Lerida, Spain. 

ADGATE, FREDERICK WHITNEY. Care, The Foundation Co., Wheeling, Va. 

ALLAN, Percy. Asst. the Director-General Public Works, Sydney, New 
South Wales, Australia. 

Howarp Care, Mrs. Stevenson, Tyron, 

Avery, FREDERICK Engr. Chg. Bridge Constr. and Repairs, 
City Chicago, 1427 Carmen Ave., Chicago, 

Barr, JOSEPH CARROLL. Care, Pittsburgh Steel Ore Co., Crosby, Minn. 

YANCEY. Care, Dr. Kent, Pulaski, Va. 

Beatty, Asst. Div. Engr., Gunpowder Supply 
Box 333, Loch Raven, Md. 

BERRY, JOHN BENNINGTON. Asst. Pres., C., Ry., 1015 Salle 
St. Station, Chicago, 

Epwin JAMES. Chf. Engr., Westinghouse, Church, Kerr Co., 
Wall St., New York City. 

BINCKLEY, GEoRGE Cons. Engr., 511 Central Bldg., Los Angeles, Cal. 

BINKLEY, GEORGE Chf. Engr., Mesa Impvt. Co., Mesa, Ariz. 

Amarillo, Tex. 

Chf. Engr., Westinghouse, Church, Kerr Co., 
Wall St., New York City. 

Brace, JAMES Henry. Secy. and Treas., Fraser, Brace Co., Cedars, Que., 
Canada. 

West Jackson Boulevard, Room 1400, Chicago, 

Brown, Henry. Constr. and Hydr. Engr., 1091 Bush St., San Fran- 
cisco, Cal. 

Brown, WENDELL Prin. Asst. Engr., Wilbur Watson Co., 
1150 Leader Bldg., Cleveland, Ohio. 

Cons. Engr., Room 1012, Commercial Tribune Bldg., 
Cincinnati, Ohio. 

The Lincoln, Lincoln Ave., Montreal, Que., 

CHARLES Chf. Engr., Puget Sound Willapa Harbor Ry., 
Raymond, Wash. 


368 MEMBERSHIP—CHANGES ADDRESS [Society Affairs. 


MEMBERS (Continued) 

CARROLL, CHARLES JOSEPH. Care, Parker Carroll, Box 1068, San 
Antonio, Tex. 

CHILD, STEPHEN. Landscape Archt. Cons. Park St., Boston, 
Mass. 

Howarp Jupson. Constr. Engr., 550 Main St., Hartford, Conn. 

WEEDEN. Mgr. Utilities Dept., Day 611 
Chestnut St., Philadelphia, Pa. 

BENJAMIN FRANKLIN, JR. Care, The Engineers’ Club, West 40th 
St., New York City. 

Davis, Baker. No. Pinckney, Mich. 

DEAN, BERTRAM Dopp. 106 Waterman St., Providence, 

Drxon, Asst. Engr., River and Harbor Impvt., 
Engr. Office, Federal Bldg., Detroit, Mich. 

Cons. Engr., 217 Sharon Bldg., San Fran- 
cisco, Cal. 

HENRY FREDERICK. 3539 Pestalozzi St., St. Louis, Mo. 

NELSON ANDREW. 3014 Clay St., San Francisco, Cal. 

JAMES RUTHERFORD. Cons. Engr., Arlington Station, Riverside, Cal. 

EMERY, JAMES ALBERT. Transit Commr.’s Office, Room 742, City Hall, Phila- 
delphia, Pa. 

FRENCH, MANSFIELD JOSEPH. 940 Westcott St., Syracuse, 

FULLER, Cons. Engr. (Hazen Whipple), Forty-second 
Street Bldg., 14th Floor, New York City. 

GARDINER, JOHN 515 Black Bldg., Los Angeles, Cal. 

1116 Palmer Boulevard, Colorado Springs, Colo. 

GREENFIELD, ARTHUR. West 42d St., New York City. 

Hazen, ALLEN. Cons. Engr. (Hazen Whipple), Forty-second Street 
Floor, New York City. 

San Acacio, Colo. 

Care, Puget Sound Traction, Light Power Co., 610 
Pioneer Bldg., Seattle, Wash. 

Care, The White Eng. Corporation, Alaska 
Commercial Bldg., San Francisco, Cal. 

Harry. Asst. Engr., Missouri River Impvt., Florissant, Mo. 

(Harrop, Hopkins Taylor), 604 Second Na- 
tional Bank Bldg., Pittsburgh, Pa. 

JANVRIN, Nep Asst. Engr., Board Water Supply, City New 
York, 803 West 180th St., New York City. 

Box 726, Ogden, Utah. 

BENJAMIN. Cons. Engr., General Delivery, San Diego, Cal. 

LAKE, Epwarp 601 First Bank Bldg., 

Lavis, Frep. Church St., New York City. 

FRANCIS VALENTINE Cons. Box 1515, Victoria, 
C., Canada. 

England. 
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LELAND, WARREN Pres., Tennessee Eastern Elec. Co., Johnson 
City, Tenn. 

Lucas, Dept. Public Works, Bureau Surveys, Grade 
Crossing Div., Asst. Engr. Chg. Field Office, 1930 South College 
Ave., Philadelphia, Pa. 

Lyon, Asst. Engr., Box 283, Norfolk, Va. 

MACDONALD, CHARLES. (Past-President.) 1305 Albermarle Rd., Brooklyn, 

GEORGE ARNOLD. 2619 Etna St., Berkeley, Cal. 

ARCHIBALD. Asst. Engr., Dept. Bridges, 179 Washington St. 
(Res., 158 Cleveland St.), Brooklyn, 

Luis. Gen. Director Public Works Costa Rica, 310 
Union Trust Bldg., Washington, 

MATHEWSON, Chf. Engr., Michoacan Power Co., Tuxpan, 
Michoacan, Distrito Zitacuaro, Mexico. 

Leon Engr. Design, Dept. Bridges, City New 
York, Municipal Bldg., New York City. 

Asst. Engr., Constr., R., 330 Chambers Bldg., Oil 
City, Pa. 

NEELY, WILLIAM Asst. Engr. Chg. Section, Board Water 
Supply New York City, Elmsford, 

NICHOLS, CHARLES Engr.; Engr., Conn. Shell Fish Comm., 
Room 724, Chamber Commerce Bldg., New Haven, Conn. 

CHARLES FREDERICK. Box 1068, San Antonio, Tex. 

ROBERT STEVENS. Asst. Gen. Mgr., Erie R., Church St., New 
York City. 

PATTEN, HENRY BENJAMIN. Box 894, Cheyenne, Wyo. 

PERKINS, WILLIAM Cassipy. Chf. Engr., The Dunn Wire-Cut-Lug 
Brick Co., Conneaut, Ohio. 

Post, ANDREW JACKSON. Pres., Post McCord, Inc., 101 Park Ave., 15th 
Floor, New York. City. 

Mason Engr., The United Railways Elec. Co. of. Balti- 
more, Normandy Heights, Roland Park, Md. 

OLIVER 311 Pasadena St., Pomona, Cal. 

RUSSELL, (Sanborn-Russell Constr. Co.), Liberty St., 
New York City. 

SHanks, Oscar. Care, Swift Co., Constr. Dept., Chicago, 

301 Lincoln Ave., Pa. 

Cons. Engr., Room 861, The Chieago, 

ALLEN Bomoseen, Vt. 

Cons. Engr., 101 Park Ave., New York City. 

Pittsburgh, Pa. 


ington, 
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ToMLINSON, ALFRED North Canadian Express 
Bldg., Montreal, Que., Canada. 

Co., Wall St., New York City. 

Francis. Cons. Engr., Bay St., Toronto, Ont., Canada. 

CHARLES Davis. (Vail, Walbron Read), Bldg., Denver, 
Colo. 

Care, British Collieries (Brazeau), Ltd., Mile 
37, Alberta Coal Branch, via Edson, Alberta, Canada. 

JoHN Attorney Law, Eng. Jurisprudence, Woolworth 
Bldg., New York City. 

WALLACE, JOHN FINDLEY, (Past-President.) Pres., Westinghouse, Church, 
Kerr Co.; Pres., Elec. Properties Co., Wall St., New York City. 

Company Engr., Coast Culvert Flume Co., Cor. Derby 
St. and Columbia Boulevard, Portland, Ore. 

WEEDIN, CALHOUN. Constr. Supt., White Co., Inc., Marshall, 
Cal. 


Chf. Engr., Peoria Pekin Union Ry., Room 31, 
Union Station, Peoria, 

WHIPPLE, GEORGE CHANDLER. Prof., San. Eng., Harvard Univ.; Cons. Engr., 
Forty-second Street Bldg., 14th Floor, New York City. 

Epwarp Dana. Cons. Engr., Box 706, Lindsay, Cal. 

WIsNER, GEORGE Chf. Engr., San. Dist. Chicago, 900 South 
Michigan Ave., Chicago, 

Ports. Care, Brooklyn Rapid Transit Co., 
St., Brooklyn, Mulford St., East Orange, J.). 

Cons. Engr., 1000 Germania Life St. Paul, 
Minn. 


ASSOCIATE MEMBERS 


CHARLES Chf. Engr., Miller Lux, Inc., 1314 Merchants 
Exchange Bldg., San Francisco, Cal. 

Epwarp Capt., Corps Engrs., A., Guaranty Trust 
Company Bldg., New York City. 

ALDERSON, WILLIAM Bridge Engr., Ore.-Wash. Nav. Co., 
Wells Fargo Bldg., Portland; Ore. 

ALEXANDER, HENRY JAMES. Westchester Ave., White Plains, 

ANDRADE, JOAQUIM GREGORIANO DE. Surv. Public Lands, State Amazon, 
Livraria Ferreira Penna, Brazil. 

AVERILL, JAMES LELAND. Chf. Engr., Hamilton Chambers, Broadway, 
New York City. 

BARSHELL, FREDERICK Asst. Engr., Service Comm., First 
Dist.; State New East 125th New York City. 

Bass, Care, Post McCord; 101 Park Ave., New York City. 

BEESON, ALEXANDER Chf. Engr., Pittsburgh-Buffalo 150 East 
Maiden Washington, Pa. 

Francis Riepon. Box 1103, Pittsburgh, Pa. 
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ASSOCIATE MEMBERS (Continued) 

Appison. Chf. Draftsman, Detroit Edison Co., 310 Vine- 
wood Ave., Detroit, Mich. 

Res. Engr., The Goldsborough Laramie, Wyo. 

JoHN CHARLES. Structural Engr., 230 Willmette, 

Witt Hazen. Treas., Business Mgr., and Cons. Engr., Vassar 
Coll., Poughkeepsie, 

Cons. Engr., 18.Tremont St., Boston, Mass. 

BRADSHAW, CHARLES. Care, Fontana Co., Riverside Ave., Rialto, Cal. 

Brown, Structural Engr., Dept. Bldg. Inspection, 305 
City Hall, Omaha, Nebr. 

Buck, Con Morrison, Cons. Engr., 615 Poyntz Ave., Manhattan, Kans. 

BURPEE, GEORGE WILLIAM. With Westinghouse, Church, Kerr Co., 
Wall St., New York City. 

CARSTARPHEN, FREDERICK CHARLES. Care, Am. Steel Wire Co., Trenton, 

Levi. Union League Club, San Francisco, Cal, 

CHAPPELL, CLAUDE Res. Engr. Constr. Reservoirs, Pumping 
Station and Filters, State Hospital for Insane, Jonesboro, 

CROWELL, Care, The Foundation Co., Ltd., Bank 
Ottawa Bldg., Montreal, Que., Canada. 

Office, San Juan, Porto Rico. 

Henry Care, Westinghouse, Church, Kerr 901 
Shaughnessy Bldg., Montreal, Que., Canada. 

JoHN With Haviland, Dozier Tibbetts, 2600 Warring 
St., Berkeley, Cal. 

JAMES. With Inland Portland Cement 1316 Old 
National Bank Bldg., Spokane, Wash. 

THOMAS BENSON. Supt. Streets, North Chapel St., 
Cal. 

DuNHAM, Supt., Gen. Constr, Co., 1964 Alston Fort 
Worth, Tex. 

Austin St., San Francisco, Cal. 

LAWRENCE 535 Central Wash. 

Supply Investigations, Yukon-Tanana Region, Alaska, Valdez, Alaska. 

WALTER Asst. Engr., Rapid Transit Subway Constr. 

TRUE HERBERT. Care, Lockwood, Green Co., St., 

Francis, WILLIAM. Div. Engr., Dept. Public Works, Arsenal 

Asst. Engr. Chg. Barge Canal Contract 


} 
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Gray, Jr. Asst. Engr., Ry., West Franklin St., Rich- 
mond, Va. 


Gray, Care, Hazen Whipple, Forty-second Street 
New York City. 


Louis Care, Yancy, 118 North St., Birmingham, 
Ala. 

Harps, Harry Macy. Nantucket, Mass. 

ANDREW JENKINS. Oxford, Me. 

Hays, Care, Southern Alberta Land Co., Medicine Hat, 
Alberta, Canada. 

HILDRETH, JoHN Lewis, Asst. Engr. Chg., Sec. Moodna Siphon, 
Board Water Supply, Cornwall-on-Hudson, 

Ezra. Care, The Assoc. Am. Portland Cement Mfrs., Land 
Title Bldg., Philadelphia, Pa. 

Bldg., Kansas City, Mo. 

Supt., Timber and Tracks, West Florida Milling 
Co., Greeneville, Tenn. 

Howe, Care, Reclamation Service, Worden, Mont. 

Bacon, Architectural Engr., John Hutchings 
Sons, 201 Security Trust Co. Bldg., Lexington, Ky. 

ALLEN. Durant, Miss. 

JOSLIN, VINCENT. Care, Constr. Co., Grace, Idaho. 

KELLY, WILLIAM. Maj., Corps Engrs., A., Care, Chf. Engrs., 

Epwarp ALLEN. Special Insp. the Secy. the Interior, Room 222, 
Federal Bldg., Spokane, Wash. 

Kine, Ture. Asst. Engr., Board Water Supply, New York City, 
Arrochar, 

ARNOLD CHARLES VON WASMER. Cons. Engr., 554 Brandeis Theatre 
Bldg., Omaha, Nebr. 

Law, Hitts. Box Tiverton, 

Surv. and Special Disbursing Agt., 
Dept. the Interior, Centro, Cal. 

Cons. Engr. (Hazen Whipple), Forty- 
second Street Bldg., 14th Floor, New York City. 

MoCLELLAND, CLAUDE 2702 Dennison Villa, Los Angeles, Cal. 

Gen. Mgr., Cresus Gold Min. Milling 
Co., Nevada City, Cal. 

Mgr., Lyall-Mitchell Co., Edmonton, Alberta, 
Canada. 

Care, Engineers’ Club Philadelphia, 1317 Spruce St., 
Philadelphia, Pa. 

THOMAS JEFFERSON. Junior Engr., 1406 Morrow Waco, Tex. 
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Drive, Toledo, Ohio. 

PEARSE, Div. Engr. Chg., Sewage Disposal Investigations, The 
San. Dist. Chicago, Karpen Bldg., Chicago, 

PEASE, FREDERICK ATwoop. Gen. Mgr., The Pease Eng. Co., 8th Floor, 
Marshall Bldg., Cleveland, Ohio. 

PIERCE, CHARLES Henry. Asst. Engr., Water Resources Branch, Geo- 
logical Survey, Federal Bldg., Albany, 

RANSON, WILLARD. 1153 Plymouth Bldg., Minneapolis, Minn. 
RAPALJE, HERBERT (Rapalje Loughlin), Southern Bldg., 
mington, 

REED, ALFRED CLARE. 109 Sherman Joliet, 

Asst. Prof. Civ. Eng., Cooper Union; Cons. 

Engr., 1123 Broadway, Room 1219, New York City. 

SEELYE, ELwyn Architectural Engr., West 32d New 
York City. 

SMITH, CHARLES VERNON. Care, Asbestos Corporation, Thetford Mines, 
Quebec, Canada. 

OrHo Asst. Engr., Gilbert White, Clayton, 

698 Logan Toronto, Ont., Canada. 

JESSE RUSSELL. Care, Emory Church St., Room 675, 
New York City. 

OLIVER Kirk, Asst. Engr., State Highway Dept., 144 Penn 
St., Washington, Pa. 

Harp. Asst. Engr., Sirrine, Mill Archt. and Engr., 
Greenville, 

THAYER, NATHANIEL Structural Steel Draftsman, 
Education, 422 West 119th St., New York City. 

THOMPSON, WILLIAM. Engr. (Thompson Gildersleeve), 444 
Gurney Bldg., Syracuse, 

Corporation, Falls Village, Conn. 

TRAVERS-EWELL, ANDREW. Care, Westinghouse, Church, Kerr Co., The 
Coristine Bldg., Montreal, Que., Canada. 

CHARLES CLARENCE. Specialist, Manson, Wash. 

WELLER, WILLIAM Asst. Engr., Bureau Power Equipment, New 
York State Barge Canal, 148 McClellan St., Schenectady, 

WERBIN, ISRAEL VERNON. 598 West 177th New York City. 

Burr. 105 Henne Bldg., Los Angeles, Cal. 

405 West 118th St., New York City. 

Harry Asst. Engr., Dept..of State Engr. and Surv., 
Chg., Contract 23, Arnold Park, Rochester, 

Asst. Engr., Public Service 154 Nassau St., 
New. York City (Res., 1076 East 38th St., Brooklyn, Y.). 
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Asst. Engr., Public Service Comm., Queens 
Plaza Court, Room 409, Long Island City, 


ASSOCIATES 


Henry Prof. Civ. Eng., Polytechnic Inst. 
Brooklyn, Livingston St., Brooklyn, 

GAINES, FRANKLIN LINCOLN. 344 Fuller Ave., E., Station Grand 
Rapids, Mich. 

McBurney, Henry. University Club, 5th Ave. and 54th St., New York City. 

WRENN, JAMES FRANCIS. Vice-Pres. and Gen. Mgr., Constr. Co., 


JUNIORS 


ABRONS, Park Ave., Rutland, Vt. 

ARMSTRONG, JR. Care, Suffern Son, Salisbury House, 
London Wall, C., England. 

Asst. Engr., Ohio State Board Health, 327 
East Broad St., Columbus, Ohio. 

Asst. Engr., New York State Barge Canal, 
Cornelius Ave., Route 49, Schenectady, 

BAKER, ALBERT Civ. N., Naval Station, Olongapo, Philip- 
pine Islands, 

BARNES, Res. Engr., Standard Eng. Co., Cleveland (Res., 
14808 Clifton Boulevard, Ohio. 

BARNES, HENRY WILFRID. Asst. Engr., Mott Hay, Iddesleigh Mansions, 
Westminster, London, W., England. 

HERBERT SCANDLIN. With Scofield Eng. Co., Eley House, Ply- 
mouth, Pa. 

Buck, Ross Jupson. Care, Bureau Public Works, Manila, Philippine 
Islands. 

Box 556, West Palm Beach, Fla. 

CARLISLE, ORVILLE Designer, Am. Bridge Co, (Res., 4240 Calumet 
Ave.), Chicago, 

CHAMBERLAIN, JOSEPH JENKS, JR, Asst. Engr., Samuel Austin Son Co., 
1655 East 118th St., Cleveland, Ohio. 

CUNNINGHAM, JoHN 716 Overlook Boulevard, Portland, Ore. 

DAVENPORT, RoyAL Junior Engr., Water Resources. Branch, 
Geological Survey, Valdez, Alaska. 

JEAN BERNARD. Asst. Engr., Dept. Bridges, City 
Cincinnati (Res., 3310 Ormond Ave.), Cincinnati, Ohio. 

WALTER HETHERINGTON. Turners Falls Co., Hotel 
Turners Falls, Mass. 

ALLEN. Draftsman, 8th Dist., Lighthouse Service, 
New Orleans, La. 

Cart. East Airy St., Norristown, Pa. 

GUILLEMETTE, JOSEPH DypIME. 434 Rebecca Ave., Wilkinsburg, Pa. 
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Hart, Asst. Engr., Lupfer Remick, 594 Ellicott 
Sq. (Res., 428 Elk St.), Buffalo, 

JORDAN, Myron Draftsman, Kansas City Structural Steel Co., 
1317 South 33d St., City, Kans. 

ALBERT Asst. Engr., R., Box 161, Angelica, 

KELLERSBERGER, CHARLES. Woodland Heights Drug Store, 
Houston, Tex. 

Fordham, New York City. 

Montreal, Que., Canada, 

HIGHLAND. Chestnut St., Philadelphia, Pa. 


Asst. Engr., Cuban Ports Co., Hotel Union, 
Cienfuegos, Cuba. 

MASSEI, CAESAR. 100 Elm St., Swissvale, Pa. 

MENKE, Asst. Engr., New York Board Water Supply, Care, 
Andros Club, 398 Columbus Ave., New York City. 

Leroy. 204 East Frederick St., Staunton, Va. 

WILLIAM HARRISON, JR. Box 126, A., 318 West 57th 
St., New York City. 

Leo Francis. Walkerville Light Power Co., Ltd., Walker- 
ville, Ont., Canada. 

NAGEL, THEODORE. Cons. Municipal and Highway Engr. (Nagel Peter- 
sen), 308 Court House Bldg., Muskogee, Okla. 


OuRT, FREDERICK. Care, Waiahole Water Co., Hackfield Bldg., Honolulu, 
Hawaii. 


PARTRIDGE, JOHN FREDERICK. Cal. 

PATTERSON, CHARLES Superv., Ry. Tex., Trinity, Tex. 

502 Summit Ave., Schenectady, 

ROBERTS, VINCENT. 299 Madison Ave., New York City. 

Seattle, Wash. 

WILLIAM Care, Stone Webster Constr. Co., Fresno, Cal. 

Smoyer, With Post McCord, 101 Park Ave., New York 
City. 

Box 125, Manteca, Cal. 

THACKWELL, HENRY Chf. Engr., Lake Chelan Land Co., Man- 
son, Wash. 

Care, Standard Am. Dredging Co., 414 Thir- 
teenth St., Oakland, Cal. 

WILKINS, HoMER JENNER. Engr. Chg., Deep Fork Drainage Dist. No. 
1819 West 9th St., Oklahoma, Okla. 

ALBERT. 717 Marion St., Seattle, Wash. 
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Date 
MEMBERS Resignation. 
DEATHS 


ELDRIDGE, GRIFFITH Elected Associate Member, June 1892, 
Member September 3d, 1902; died August 30th, 1912. 

REED, WILLIAM BELDEN, JR. Elected Junior, December 1896, Associate 
Member, June 5th, 1907; died April 3d, 1913. 

VEHRENKAMP, HENRY Elected Associate Member, June 5th, 1907, 
Member, June 30th, 1911; died April 25th, 1913. 


Total Membership the Society, May 8th, 
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(3) 
(4) 
(5) 
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(7) 
(8) 
(9) 
(10) 
(11) 
(12) 


(13) 
(14) 
(15) 
(16) 
(17) 
(18) 
(19) 


(20) 
(21) 


(22) 
(23) 
(24) 
(25) 
(26) 
(27) 
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MONTHLY LIST 


CURRENT ENGINEERING LITERATURE 


CENT ENGINEERING ARTICLES 
INTEREST 


(April May 1913) 


list published for the purpose placing before the 
members this Society, the titles current engineering articles, 
which can referred any available engineering library, can 
procured addressing the publication directly, the address and price 
being given wherever possible. 


LIST PUBLICATIONS 


Journal, Assoc. Eng. Boston, 
Mass., 30c. 

Proceedings, Engrs. Club Phila., 
Philadelphia, Pa. 

Journal, Franklin Inst., Philadel- 
phia, Pa., 


Journal, Western. Soc. Engrs., 
Chicago, 50c. 
Transactions, Can. Soc. 


Montreal, Que., Canada. 


School Mines Quarterly, Co- 
Univ., New York City, 
Oc. 

Gesundheits 
Germany. 

Stevens Institute Indicator, 
boken, J., 50c. 

Engineering Magazine, New York 
City, 25c. 

Cassier’s Magazine, New York City, 
25c. 

Engineering (London), 
Wiley, New York City, 25c. 

The Engineer 
national News Co., New York 
City, 35c. 

News, New York City, 

Engineering Record, New York 
City, 10c. 

Railway Age Gazette, New York 
City, 15c. 


Engineering and Mining Journal, 
New York City, 15c. 

Electric Railway Journal, 
York City, 10c. 

Railway and Engineering Review, 
Chicago, 15c. 

Scientific American 
New York City, 10c. 

Iron Age, New York City, 20c. 

Railway Engineer, London, Eng- 
land, 1s, 2d. 

and Coal Trades Review, Lon- 
don, England, 

Gazette, London, England, 


New 


Supplement, 


American Light Journal, New 


York City, 10c. 

American Engineer, New York 
City, 20c. 
Electrical Review, London, Eng- 

land, 


‘World, New York City, 


(28) 
(29) 
(30) 
(31) 


(32) 


the subjoined list articles, references the number 
each journal this list: 


Journal, New Water- 
Works Boston, Mass., $1. 

Journal, Royal Society Arts, 
London, England, 

Annales des Travaux Publics 
Belgique, Brussels, Belgium, fr. 

Annales des Ing. Sortis 
des Spéciales Gand, 
Brussels, Belgium, fr. 

Mémoires Compte Rendu des 
Travauz, Soc. Ing. Civ. 
France, Paris, France. 

Génie Paris, France, fr. 

Portefeuille Hconomiques des Ma- 
chines, Paris, France. 

tion, Paris, France. 

Cornell Civil Engineer, Ithaca, 

Revue Mécanique, Paris, France. 

Revue Générale des Chemins 
Fer des Tramways, Paris, 
France. 

Technisches Berlin, 
Germany, 70m. 

Zentralblatt der Bauverwaltung, 
Berlin, Germany, pfg. 
Elektrotechnische Zeitschrift, 

lin, Germany. 

Proceedings, Am. Inst. Engrs., 
New York City, $1. 

Annales des Ponts Chaussées, 
Paris, France. 

Journal, Military Service 
tion, Governors Island, New York 
Harbor, 50c. 


Engineer, 

American, New York City, 
Mechanical 

England, 
Zeitschrift, 

genieure, 


Ber- 


Scranton, 


Manchester, 


Verein Deutscher In- 


Berlin, Germany, 

Zeitschrift Bauwesen, Berlin, 
Germany. 

Stahl und Ger- 
many. 

Deutsche Berlin, Ger- 
many. 

Riga, 
Russia, 

Oesterreichischer 
genieur und Architekten Verein, 
Vienna, Austria, 70h. 

Transactions, Am. Soc. New 
York City, $12. 


(33) 
(34) 
(35) 
(36) 
(37) 
(38) 
(39) 
(40) 
(41) 
(42) 
(43) 
(44) 
(45) 
(46) 
(47) 
(49) 
(50) 
(52) 
(53) 
(54) 
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York City, $10. (84) Ciment, Paris, 
(56) Transactions, Am, Inst. Min. (85) Proceedings, Am. Ry. Assoc., 

New York City, $6. Chicago, 
(57) Eng- (86) Engineering-Contracting, Chicago, 
and, 10c. 
(88) Bulletin the International Ry. 
(59) Proceedings, American Congress Assoc., Brussels, Bel- 
Works Assoc., gium. 
(60) Indian- Proceedings, Am. Soc. Testing 
Materials, Philadelphia, Pa., $5. 
Archts., London, England. 
Ill., 
Naval Archts. 
(62) Industrial World, Ninth st., (91) Transactions, Soc. 
and Marine Engrs., New York 
Pa., 10c. City. 
ndon, England. 
(64) Power, New York City, 5c. Nationale, Paris, 
rance, 
(66) Lighting, London, (94) Maker, New York City, 
(67) Cement Engineering News, (95) International Marine Engineering, 
Chicago, New York City, 20c. 
(68) Mining Journal, London, England, (96) Canadian Engineer, Toronto, Ont., 
6d. Canada, 10c. 
Der Eisenbau, Leipzig, Germany. (98) Journal, Soc. Pa., Harris- 
(71) Journal, Iron and Steel Inst., Lon- burg, Pa., 


don, England. 
(71a) Carnegie Memoirs, 


England. 
Machinist, New York 


(72) American 
London, England, 18c. 


City, 15c. 
(73) 


(74) Transactions, Inst. Min. and 
Metal., London, 
(75) Proceedings, Inst. Mech. Engrs., 


London, England. 
Brick, Chicago, 
Journal, Inst. Elec. 

don, England, 5s. 
Beton und Eisen, Vienna, Austria, 

50m. 


(76) 
(77) 


(78) 


Engrs., Lon- 


(79) Forscherarbeiten, Vienna. Austria. 

(80) Tonindustrie Zeitung, Berlin, Ger- 
many. 

(81) Zeitschrift fiir Architektur und In- 
genieurwesen, Wiesbaden, Ger- 
many. 

(82) Mining and World, 


Chicago, 


(99) Proceedings, Am. Soc. Municipal 


New York City, 

(100) Professional Memoirs, 
A., Washington, 
C., 50c. 


(101) Metal Worker, New York City, 10c. 

(102) Organ fiir die des 
Wiesbaden, 
Germany. 

(103) Mining and Scientific Press, 
Francisco, Cal., 10c. 

(104) The Surveyor and Municipal and 
County Engineer, London, Eng- 
land, 6d. 

(105) Metallurgical and Chemical En- 
gineering, New York City, 25c. 

(106) Transactions, Inst. Min. Engrs., 
London, England, 6s. 

(107) Schweizerische Bauzeitung, 
Switzerland. 

(108) Machinery, Ga.. 


San 


LIST ARTICLES 


Bridges. 


Railroad Bridge Europe and America Compared.* 


Mar. 


Bascule Bridges.* (12) Mar. 28. 


Attractive Concrete Bridge Methuen, Mass.* 


Edward Godfrey. 


(67) Apr. 


Proposed Hudson River Bridge and Tunnels Connect. New York and New 


Jersey.* (14) Apr. (13) 

Reinforced Concrete Bridge.* 
Concrete.) (96) Apr. 10. 

Southern Pacific Bridge Sacramento.* 


Keadby Bridge, Great Central Railway.* 


Travelling Gantries for Bridge Erection India.* 
Apr. 12. 


Replacing Portageville Bridge.* (14) 


Apr. 24. 
Erection Lachine Bridge Across the St. Lawrence 
Jenkins, Assoc. Inst. 


(From Ferro- 


(15) 
(23) 


Apr. 11. 
Apr. 


(11) Apr. 11. 
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Steel Versus Concrete Viaduct Construction Cleveland. (62) Apr. 14. 
Bridges with Fixed Counterweights.* Henry Grattan Tyrrell. 
pr. 16. 
Cost Erecting Timber Trestle and Steel Truss Span the Central Paraguay 
(86) Apr. 16. 
Highway Bridge Over the Miami River Elizabethtown, Ohio, That Resisted the 
Recent Flood.* (96) Apr. 17. 
The South Street Viaduct, Allentown, Penn.* (13) Apr. 17. 
Interesting Method Bridge Renewal.* (15) Apr. 18. 
Vertical Lift-Span Highway Bridge Tacoma.* (14) Apr. 19. 
Reconstruction Kaw River Bridge, Building Pile Foundations under Difficulties 
Cofferdams.* (14) Apr. 19. 
Results Recent Flood Columbus, Damages Bridges and Levees and Plans 
for Improving River Channels.* Morgan. (14) 
Replacing High Timber Trestle witb Steel Viaduct.* (13) Apr. 24. 
pr. 24, 
Tower Street Arch Bridge Fergus.* Connor. (96) Apr. 24. 
New Type Vertical Lift Bridge.* (18) Apr. 26. 
Erecting the New Geneva Bridge.* (14) Apr. 26. 
The Theory Drawbridge Design. Henry Grattan Tyrrell. (86) 
pr. 
Some Features Highway Bridge Practice Without Engineering Supervision.* 
White and Ames. (86) Apr. 30. 
Method Reconstructing Old Cofferdam and Building New Cofferdam for Two 
Bridge Piers.* (86) Apr. 30. 
Weldon Viaduct Over the Roanoke River.* (15) May 
Replacing the Yardley Bridge.* May 
Foundations for the Tunkhannock Viaduct; Methods Building Substructure 
Lackawanna Railroad’s Great Concrete Bridge.* (14) May 
Note sur Viaduc Malvan.* Houel. (43) Jan. 
Etude des Poutres Raidissantes dans les Ponts Suspendus 
Lebert. (43) Jan. 
Remplacement Tablier Métallique Ouvrage Grande Ouverture sur 
Riviére Navigable.* Bouchard. (38) Mar. 
Nouveau Pont Flottant, sur Corne d’Or Constantinople.* Ch. Dantin. (33) 
Apr. 19. 
Abbruch der Strompfeiler der ehemaligen zwischen 
und Deutz. (40) Serial beginning Mar. 
Die Begrenzung der Betonzugspannungen, ein Beitrag zur Erzielung einheitlicher 
Vorschriften fiir Eisenbetonbauten.* Schaechterle. (78) Serial begin- 
ning Apr. 
Der und seine (78) Apr. (51) 
up. No. 
Bietschtal-Viadukt der Adolf Herzog. (107) Serial begin- 
ning Apr. 


Electrical. 


Some Examples Street Lighting.* Putnam. (99) 1910. 

Single-Phase Alternate-Current Contactor.* Wilson (73) 
Mar. 28. 

Advantages Small High Speed Furnaces.* Carl Hering. (105) Apr. 

Iron Pipe Used for Conduit. Oliver Storey. (105) Apr. 

Central Station Power for Coal Mines. Beers. (42) Apr. 

Safeguarding the Use Electricity Mines. Clark. (42) Apr. 

Purchased Power Coal Mines. Eddy. (42) Apr. 

Characteristics Substation Loads the Anthracite Collieries the Lackawanna 
Co.* Warren and Biesecker. (42) Apr. 

Alternating-Current Motors for the Economic Operation Mine Fans. 
Crosby. (42) Apr. 

Central Station Power for Mines. Jenks. (42) Apr. 

Hyperbolic Functions and Their Application Problems Electrical Engineering.* 
Morecroft. (6) Apr. 

Brief Examination the Electrical Properties Egg-White.* Northrup. 

Municipal Lighting Plant Operated Oil Engine.* Phelps. (60) Apr. 

Transmission Electric Power.* Pomeroy. (25) Apr. 

140 000-Volt Electric Transmission Line.* (Eastern Michigan Electric Power 
Co.) (12) Serial beginning Apr. 

The Electrical Conductivity and Fluidity Strong Solutions.* Tucker. (Ab- 
stract paper read before the Physical (73) Apr. 

Main Switchgear and the Continuity (73) Apr. 
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Electric Power Cleveland.* (17) Apr. 


United States Navy Wireless Station, Trials and Operating Features the 
High -Powered Radio Station Arlington, Va.* 


and others. (27) Apr. 
Electric Equipment. (Report the Am. Min. Congress.) 
pr. 
pr. 


Electric Supply London.* Frank Bailey, Inst. (29) Apr. 
Trunk Telephone Communication Transmission Schemes and the Design Circuits. 


Hart and Hilyer. (Abstract paper read before the Institution 
Post Office Elec. Engrs.) (73) Apr. 


New Central Power House the Potteries.* (73) Serial beginning Apr. 11. 

The Methods Submarine Cable Signalling.* Malcolm. (73) Serial begin- 
ning Apr. 

Swiss Hydroelectric Developments.* (27) Apr. 12; (14) Apr. 26. 

Surges, Standing and Traveling Waves Overhead Transmission Lines. Alfred 
(27) Apr. 12. 

Self-Starting Single Phase Induction Motor.* Charles Fraasa, Jr. (19) Serial 
beginning Apr. 12. 

New Power-House for Stoke-on-Trent.* (12) Apr. 18. 

The Electricity Works (26) Apr. 18. 

The Lighting Small Country Houses. Caldwell. (26) Apr. 18. 

Central-Station Practice Cambridge, Mass.* (27) Serial beginning Apr. 19. 

Great Research Laboratory Applied Electricity. Christian Dantsizen. (From 
Journal the Worcester Polytechnic Inst.) (19) Apr. 26. 

Hydroelectric Development the White River.* Kennedy. (Paper read be- 
fore the Missouri Elec. Assoc.) (27) May 

Supply Cooling Water for Power Stations.* Fred Buch. (27) May 

Roles Canalisation dans les Transports Electriques Longue Distance.* 
Grosselin. (32) Jan. 

Das halbautomatische Fernsprechvermittlungssystem von Siemens Halske, A.-G.* 
Grabe. (41) Mar. 27. 

Stromerzeugung durch Generator-Grossgasmaschinen. Schémburg. (41) Apr. 

Ueber neue Versuche mit drahloser Geheimtelegraphie mit Typendruck.* 
Hovland. (41) Apr. 

Ueber das Anlassen von Kaskadenumformern.* Johs. Jensen. (41) Apr. 

Diagramm fiir den Drehstrom-Reihenschlussmotor.* Ludwig Binder. (41) Apr. 10. 

Ein neuer Rechenschieber zur raschen Berechnung und Veranschlagung elektrischer 
Leitungen.* Erwin Besser. (41) Apr. 10. 

Die Blektrizitat der neuen Feuerwache (41) Apr. 17. 

neue elektrische Fernsteuerung fiir Schiffsruder und 

Chr. Kramer. (41) Apr. 17. 


Wechselstrommaschine fiir Messungen mit Sprechfrequenzstrémen nach Ad. Franke.* 
Ebeling. (41) Apr. 17. 


Marine. 


Some Military Principles Which Bear Warship Design. Reginald Custance. (90) 
Vol. 54. 

Turning Circles.* (Ships.) William Hovgaard. (90) Vol. 54. 

The Law Comparison for Surface Friction and Resistances 
Fluids.* (Resistance Ships.) Stanton. (90) Vol. 54. 

Results Trials the Diesel-Engined Sea-Going Vessel Selandia.* Knudsen. 
(90) Vol. 54. 

Gas Power for Ship Propulsion.* Holzapfel. (90) Vol. 54. 

The Effect Bilge Keels the Rolling Lightships.* George Idle and 
Baker. (90) Vol. 54. 

Results Calculations Regarding the Effect Internal Free Fluid Upon the 
Initial Stability and the Stability Large Angles Ships Various Forms.* 
Cannon. (90) Vol. 54. 

The Solignac-Grille Boiler and Its Application French Channel Steamers.* 
Hart. (90) Vol. 54. 

Description Tide Indicator.* Baugh. (90) Vol. 54. 

The Arrangement Boat Installations Modern Ships.* Axel Welin. (90) 
Vol. 54. 

Torsional Vibrations Elastic Shafts Any Cross Section and Mass Distribution 
and Their Application the Vibration Ships.* Giimbel. (90) Vol. 54. 

Load-Extension Diagrams Obtained Photographically with Automatic Self- 
Contained Optical Load-Extension Indicator.* Dalby. (90) Vol. 54. 

Results Experiments with Water-Tube Boiler with Special Reference Super- 
heating* (For Ships). Harold Yarrow. (90) Vol. 54. 

The Geared Turbine Channel Steamers Normannia and Biles. 
(90) Vol. 54. 
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Marine—(Continued). 


The Automatic Recording Dead Reckoning.* Bircham. 
ol. 

The Chinese Training Cruiser Chao Ho.* (11) Mar. 28. 

The Motor Ship Emanuel Nobel.* (12) Mar. 28. 

Quadruple-Screw Turbine Allan Liner Alsatian.* Apr. 

Launch the Andrea Doria.* (12) Apr. 11. 

Launch the Latest Giant Steamship.* (19) Apr. 12. 

Comparative Trial Between the Triple Expansion Engine and Geared Turbines 
Cargo Steamers.* Waldie Cairns. (Paper read before the Northeast Coast 
Institution Engrs. and Shipbuilders.) (47) Serial beginning Apr. 18; 
(11) Apr. (19) Apr. 26. 

The New Cunard Liner Aquitania.* (11) Apr. 18. 

Russia’s Submarine Cruiser.* Skerrett. (46) Apr. 26. 

Twin-Screw Motor-Ship Hagen, New Krupp Two-Stroke Type Diesel-Engine Tank 
Vessel 2400 Hp.* Rendell Wilson. (13) May (95) May. 

Pétrolier Moteurs Diesel Hagen.* (33) Apr. 12. 

Die Wassereisenbahn.* Ign. Pollak. (53) Mar. 21. 

Die technische Entwicklung der Handelsmarine.* Ernst Grafen 
Aichelburg. (53) Apr. 18. 


Mechanical. 


Coal for British Locomotives.* Charles Bowen Cooke. 
ol. 

The Engineering Side Coal Washing.* Delamater. (98) Mar. 

Modern Sheet Metal Working Shop.* (101) Mar. 14. 

Specifications for Foundry Pig Irons.* Parker. (Abstract paper read 
before the British Foundrymen’s Assoc.) (22) Mar. 28. 

Fireclay for Foundry Use. Oehler. (From the Foundry.) (47) Mar. 28. 

Schmidt’s Constant-Pressure Internal-Combustion Engine. (47) Mar. 28. 

The Tinplate Recent Developments.* Spence Thomas. (Paper read before 
the South Wales Inst. Engrs.) (22) Mar. 28; (47) Apr. 11. 

Handling Material Labor-Wasting Mills.* Worcester. (103) Mar. 29. 

The Mill and Lime Hydrating Plant Union Bridge, Maryland.* 

) pr. 

Hydraulic Coal Hoist, Immingham Docks, Great Central Railway.* 

pr. 

Economics Motor Trucking.* Clinton Brettell. (6) Apr. 

Exhaust Systems for Grinding Wheels.* Wm. Newell. (108) Apr. 

Cold Bolt Making.* Arthur Wotgamot. (108) Serial beginning Apr. 

The Economic Combustion Low-Grade Waste Fuels. David Moffat Myers. (9) 
Serial beginning Apr. 

Storing and Rehandling Anthracite Under Cover.* Wm. Hamilton. (45) Apr. 

Modern Conditions Gas-Works Practice. Goulden. (Paper read before the 
London and Southern District Junior Gas Assoc.) (66) Apr. 

Some Experiences the Construction and Working Vertical Retorts. Roland 
read before the Manchester and District Junior Gas Assoc.) 

pr. 

The Use Motor Trucks the Distributing Department Gas Supply Systems, 
with Some Costs.* George Dolley. (Paper read before the Indiana Gas 
Assoc.) (86) Apr. (24) Apr. 

Application Ball Bearings Machine Tools.* Victor Page. (72) Apr. 

50-Ton Locomotive Crane. (13) Apr. 

Standard Coal Specification. (47) Apr. 

Notes Bituminous-Producer Gas Engine Plant.* Cowell. (Paper read 
before the South African Institution Engrs.) (47) Apr. 

Method Overcoming Leakage Steam Metal Valve Castings. (From the Brass 
World.) (47) Apr. 

Determination Hydrogen, Nitrogen and Methane Gas Combustion 
Quartz Tube. Mathers and Ira Lee. (Paper read before the Indiana Gas 
Assoc.) (24) Apr. 

Gas and Steam Turbine Power Plants.* Turner. (64) Apr. 

Ritz-Carlton Refrigerating Plant.* (64) Apr. 

The Richards Low-Temperature Carbonization System.* (66) Apr. 

The Mixing Gas and Air for Lighting and Franklin Thorp. (Paper 
read before the Manchester and District Junior Gas Assoc.) (66) Apr. 

Plant the Duff Mfg. Company, Pittsburgh.* (20) Apr. 10. 

Design Ammonia-Compression Refrigerating Machine. (96) Apr. 10. 

Modern Practice Cleaning Blast Furnace and Other Gases. Stonewall Jack- 
son. (Abstract paper read before the Cleveland Institution Engrs.) (22) 
Apr. 11. 

The Otis Inclined Freight (15) Apr. 11. 

The Oil Consumption and Mean Pressure Diesel Engines.* Royds and 
Campbell. (12) Apr. 11. 


*Tllustrated. 
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Mechanical—(Continued). 


The Working Gas Producers.* Durley. (47) Apr. 11. 
Efficiency Condenser Air Pumps.* (62) Apr. 14; (96) Apr. 17. 


Gas Purification.* Little. (Paper read before the Illinois Gas Assoc.) 
(83) Apr. 15. 


The Possibilities Gas Industrial Fuel. Cauley. (Paper read before 
the Illinois Gas Assoc.) (83) Apr. 15. 

Condensing Equipment Lake Shore Plant.* Williams. (64) Apr. 15. 
Stresses Unsymmetrical Boiler Joints. Banaclough and Gibson. 
(Paper read before the Eng. Assoc. New South Wales.) Apr. 15. 

The New Schielestrasse Gas-Works, Frankfort-on-Main.* (66) Apr. 15. 
Gas Authorities the Suppliers Electricity.* Napier. (Paper read 
the Scottish Junior Gas Assoc.) (66) Apr. 15. 


Gaseous Heating.* (Paper read before the Yorkshire Junior Gas Assoc.) (66) 


Apr. 15. 
Methods Used for Making the Intertype.* Robert Mawson. (72) Apr. 17. 
Fuel Economies the Oil Engine. John Secor. (Paper read before the Soc. 
Automobile Engrs.) (20) Apr. 17. 
Gasoline Rock Drill.* (13) Apr. 17. 
Slings and Hitches for Handling Machinery.* John Riddell. (13) Apr. 17. 
Bolinder’s Crude-Oil Engine.* (11) Apr. 18. 
Brass-Finishers’ Plugging Lathe.* (11) Apr. 18. 
Practice.* Percy Longmuir and Joseph Kenworthy. 
pr. 
The Physical Properties Clays. Walter Hancock. (29) Apr. 18. 
Standardization Coal Analysis and Sizes. (Report the South African Eng. 
Standards Committee.) (22) Apr. 18. 
Water Blow Steam Engines.* (12) Apr. 18. 
Some American Cement Mill Installations.* (26) Apr. 18. 
Storage System for Construction Plant; Inspection and Maintenance Wood and 
Hoisting Engines, Ropes, Slings and Connections. (14) 
pr. 
Mechanical Freight Handling the New York Dock Co.* (18) Apr. 19; (95) 
May. 
The Coking Coal Low Temperatures.* Parr and Olin. (Abstract 
from Bulletin No. 60, Eng. Exper. Station, Univ. Illinois.) (19) 19. 
The New Riley Underfeed Stoker.* (62) Apr. 21; (64) Apr. 
Year Smoke Inspection the City Des Moines. Harry McNutt. (Report 
the City.) Apr. 21. 
The Birchenwood Collieries and Coke-Oven and Bye-Products (66) 
Apr. 22. 
Glover-West Vertical Retorts Heywood.* (66) Apr. 22. 
Determination Water Coals. Lessing. (Paper read before the Inter. 
Cong. Applied Chemistry.) (66) Apr. 22. 
Pipe Sizes and Steam Velocities. Ham. Apr. 22. 
High-Power Gas Engines for Japan.* Frank Perkins. (96) Apr. 24. 
New Design Regenerator Chambers.* (Open-Hearth Furnace.) 
Miller, Jr. (20) Apr. 24. 
Specifications for Exhaust Systems.* (For Grinding, Polishing and Buffing Wheels.) 
William Newell. (72) Apr. 24. 
Electric Pole Trucks.* (27) Apr. 26. 
Power from Waste Fuel, Importance By-Products. (19) Apr. 26. 
End Dump Bodies for Commercial Vehicles.* Ross Babcock. (46) Apr. 26. 
Monorail System between Buildings Industrial Plant.* Nichols. (14) 
Apr. 26. 
Description Gas Piping the Bay Ridge High School, Brooklyn, Y.* 
Alt. (24) Apr. 28. 
Air Dump Car for Steam Shovel Work.* (86) Apr. 30. 
The Production and Working Sheet Brass. Clarence Hoyt Stilson. (9) May. 
Tests Smoke Abatement Devices.* (Chicago and Northwestern.) (25) May; 
(15) Apr. 25; (18) Apr. 26. 
Making Stone Manufacturing Press.* Stanley. (72) May 
(Report made the Bureau Standards.) (83) May 
Incandescent Gas Lighting.* Hans (83) May 
The Westinghouse-Leblanc Water Vapor Refrigerating Macintire. 
13) 
Hoisting Machines Baltic Street, Brooklyn.* (15) May 
New Paper Mill Engine.* (19) May 
Des Grandes Vitesses Mécanique.* Maurice Leblanc. (92) Mar. 
Transporteur Cables Sucrerie Panggoondredjo, prés Kepa Ndjan Java.* 
Mar. 15. 
Exposition Internationale Machines-Outils (Londres, octobre, 1912).* Hofer. 
(33) Serial beginning Mar. 29. 
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Etude Géométrique des Engrenages Hélicoidaux.* Massot. 31. 

Trocknen mit Rauchgasen und Heissluft Verbindung mit Zick-Zackéfen und 
Witte. (80) Jan. 30. 

Die und ihre Bedeutung fiir die Industrie.* Richard Blum. 

eb. 

Die Gasgenerator auf Grund des zweiten Hauptsatzes der Thermody- 
namik.* Kurt Neumann. beginning Feb. 22. 

Der Wert und die Berechnung von Heizer-Primien.* Winkelmann. (80) 27. 

Sulzer-Bohrloch-Kreiselpumpen.* Werner Ahrens. (48) Mar. 

Der Dresslersche Tunnelofen. Cramer. (80) Mar. 

Neue Saugluft-Getreideheber und andere Férden und Lageranlagen, ausgefiihrt von 
Luther A.-G. Braunschweig.* Buhle. (48) Serial beginning Mar. 

Die Wahl der Klingenberg. (48) Mar. 15. 

Die Biegungsspannungen Daiber. (48) Mar. 15. 

Eine neue deutsche Riittelformmaschine.* Jakob Leber. (50) Mar. 27. 

die des Kokses.* Oskar Simmersbach. (50) 

ar. 

Ueber Materialverinderung durch Kaltwalzen.* Hanemann. (50) Apr. 

Kohlenverbrauch und Rauchgasanalyse.* Helbig. (80) Apr. 

Ueber Trommelmiihlen.* Georg Zeyen. (80) Apr. 10. 

Flammenlose Oberflichenverbrennung. Neumann. (50) Apr. 10. 


Metallurgical. 


The Amalgamation Gold Banket Ore.* Dowling. (74) Vol. 20. 

Future Economies Rand Reduction Plants.* Schmitt. (74) Vol. 20. 

The Roasting Complex Ores Gold Assaying. Arthur Hoare. (74) Vol. 20. 

The Successive Stages the Bessemerising Copper Mattes Indicated the 
Converter Flame.* Donald Levy. (74) Vol. 20. 

Chilian Mills Russia.* Bayldon. (74) Vol. 20. 

Treatment Refractory Low-Grade Gold Ores the Ouro Preto Gold Mine, Brazil. 
Kendall. (74) Vol. 20. 

Prospector’s Method Gold Assay. Austin. (74) Vol. 20. 

the Theory Blast-Roasting Galena. Bannister. (74) Vol. 21. 

Quick Combination Methods Smelter Assays. French. (74) Vol. 21. 

The Economics Tube-Milling.* Standish Ball. (74) Vol. 21. 

Notes the Valuation Ores and Minerals and Metallurgical Calculations. 
George Holloway. (74) Vol. 21. 

the Enrichment Pyritic Blende Concentrates. Hugon. (74) 
Vol. 21. 

Building Mill Central America.* Rogers. (103) Mar. 29. 

The Determination Vanadium Ferro-Vanadium. Wm. Clark. (105) Apr. 

Methods Handling Slime.* Spicer. (105) Serial beginning 

pr. 

Melting Processes the Steel Foundry.* Edwin Cone. (20) Apr. 

Chosen Mining Company’s Reduction Plant.* Hubbard. (103) Apr. 

Adequate Sampling Modern Mill Practice.* Donald Irvin. (103) Apr. 

Cyaniding the Nevada Wonder Mill.* Herbert Megraw. (16) 

Washing Gold and Silver from Filter Cakes. Warwick. (82) Serial begin- 
ning Apr. 

Heat Treatment Alloy Steels. Mitchell. (Abstract paper read before 
the Railway Club Pittsburgh.) (18) Apr. 

Cyaniding Zambona Low-Grade Silver Ore.* and Rush Sill. (16) 
Apr. 12. 

Roe Puddling Process Developments.* David Roberts. (Paper read before the 
Staffordshire Institution.) (22) Apr. 18. 

Notes the Analysis Zinc Dust. Clennell. (16) Apr. 19. 

The Production Sound Steel Ingots.* Howard. (20) Apr. 24. 

Cyaniding the Ores Republic, Wash.* Megraw. (16) Apr. 26. 

Determination Nickel and Cobalt. Hallett. (16) Apr. 26. 

Cyanide Practice Canadian Fields.* Herbert Megraw. (Abstract paper 
read before the Canadian Min. Inst.) (82) Apr. 26. 

Concentration Telluride Ores. Henry Wood. (16) Apr. 26. 

Rapid Silver Mill Clevenger. (16) Apr. 26. 

Five-Ton Smelting Furnace That Smelts.* Mace. (16) Apr. 26. 

The Annealing Steel Castings.* Edwin Cone. (20) May 

The Hardness Metals, Theoretical Basis Metal Working.* Thos. 
May 

Métaux par Chauffage aprés Déformation Locale.* Félix Robin. 
(32) 


an. 
Félix Robin. (92) Mar. 
Chauffage des Fours Coke aux Gaz Gazogénes Hauts-Fourneaux.* 
Bugéne (93) Apr. 
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Metallurgical—(Continued). 

Die Elektrostahl-Erzeugung vom Gesichtspunkte der Grossindustrie.* 
(50) Apr. 10. 

Military. 


The Rifle-Barrels.* Francis Carnegie. (63) Vol. 191. 

Concours Tracteurs Militaires Quatre Roues Motrices (Paris, 6-21 Mars, 
1913).* Duaner. (33) Apr. 12. 

Mining. 


with Special Reference Hydraulic Sluicing.* Loggin. (74) 
ol. 


The Relationship Structure and Petrology the Occurrence Petroleum.* 
Beeby Thompson. (74) Vol. 20. 
The Passagem Mine and Works.* Arthur Bensusan. (74) Vol. 


Shaft Sinking Against Water Fissured Ground Cement Injection.* 
Shrager. (74) Vol. 20. 


The Future the Mining Industry from Economic Standpoint. Charleton. 


(74) Vol. 20. 
the Theory the Organic Origin Petroleums. Cost. (74) 


Emeralds Mode Occurrence and Methods Mining and 
Colombia.* Charles Olden. (74) Vol. 21. 


The Whim Well Copper Mine, West Pilbara, North-West Australia. Sleeman. 
(74) 21. 


Notes Simple Method Separating Rock from Stiff Clays.* Killik. 
(74) Vol. 


The Glen Bismuth North Queensland. Walworth Pearce. (74) Vol. 21. 
Unwatering Tresavean Mine.* Cyril Brackenbury. (74) Vol. 21. 


the Operation Two Winding Engines.* Humphrey Morgans. (74) 


Flexible-Joint Main. (Mines.) Reed. (74) Vol. 21. 


Stoping the Calamon Mine.* Corbett Sullivan. (74) Vol. 21. 


Gold and Platinum Alluvial Deposits Russia.* Leon Perret. (74) Vol. 21. 

Diamond Drilling and Borehole Surveying.* John Hoffman. 

The Bellevue Canada; Account of, and Subsequent Investiga- 
tion Concerning Three Explosions Produced Sparks from Falls Roof.* John 
Stirling and John Cadman. (106) Vol. 44, Pt. 

Some Notes Supporting Underground Roadways, with Special Reference Steel 
Arches.* (For Mines.) David Beveridge. (Paper read before the National 
Assoc. Colliery Managers.) (22) Mar. 28. 

Copper Mines Chile. Juan Blanquier. (103) Serial beginning Mar. 29. 

Principles Hydraulic Mining.* Mead. (6) Apr. 

Machine Mining Anthracite Mines.* Archbald. (45) Apr. 

Stopping Ventilation Firing Time. Reynolds and Sim Reynolds. (45) 


pr 
Central Station Power for Mines. Jenks. Apr. 
Safeguarding the Use Electricity Mines. Clark. Apr. 
Purchased Power Coal Mines. Eddy. Apr. 
Characteristics Substation Loads the Anthracite Collieries the Lackawanna 
Co.* Warren and Biesecker. (42) Apr. 


-Current Motors for the Bconomic Operation Mine Fans. Crosby. 

Central Station Power for Mines. Jenks. (42) Apr. 

The Significance Dynamite Grade Marking. Gunsolus. (86) Apr. 

Explosives. Moore. (96) Serial beginning Apr. 

Installation and Manipulation Coal-Cutters.* McCann. (Paper read before 
the Assoc. Min. Blec. Engrs.) (22) Apr. 

The Testing Safety Explosives. Vivian Lewes. (29) Apr. 

Props and Beams Mines. Dixon. (Paper before the Concrete Inst.) 
(57) (22) Apr. 

Sinking Concrete Shaft Lining through Quicksand, Difficult Operation Carried out 
the Open-Dredging and Pneumatic Caisson Processes.* 
(14) Apr. 

Preliminary Testing Placer Ground. William Ward. (Abstract from Colorado 
School Mines Magazine.) (16) Apr. 

and the Black Hills, D.* Jesse Simmons. (82) Serial begin- 
ning Apr. 

Mining Northern New York.* McDonald. (16) Apr. 

Standarization Equipment Metalliferous Mines. (Report Com- 
mittee Am. Min. Congress.) (103) Apr. 12. 
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Mining—(Continued). 
Mining the Belgian Congo 1912.* Sydney Ball. (103) Apr 
Ores and Their Beneficiation.* Dwight (82) 


Driving with Machines Tripods.* Theodore Swift. (16) Apr. 12. 


The New Coal Dust Experiments. (Third Report The Explosions Mines Com- 
mittee.) (22) Apr. 18. 


The Victoria Hydraulicing Pump.* (68) Apr. 19. 

The Importance Hoist Investigations.* Geo. Edwards. (82) Serial begin- 
ning Apr. 19. 

Sinking the Hancock No. Shaft.* Claude Rice. (16) Apr. 19. 

Diamond Prospecting and Washing Devices.* Dick. (Paper read before the 
Canadian Min. Inst.) (16) Apr. 26. 

Mining Costs the Missouri-Kansas District.* Charles Burgess. (82) Apr. 26. 

Power California Mines.* Warren Aikens. (82) Serial beginning Apr. 


Rand Practice Deep Shaft-Sinking.* Charles Brodigan. (103) Serial be- 
ginning Apr. 26. 


Work Anvil Creek, Nome, Alaska.* Purington. (103) 
pr. 

Flushing Anthracite Workings.* (45) May. 

Effect Coal Mining the Surface.* Bulman. (Trans. paper 


Fayol read before Société Minérale 1885.) (45) Serial begin- 
ning May. 


Safe Timbering.* (For Mines.) (45) May. 
Working Anthracite Culm Piles.* (45) May. 
Abbau von Gesteinen.* Schott. (80) Mar. 


Miscellaneous. 


the Ancient Weights Britain. Wilfrid Airy. (63) Vol. 191. 

Economics Engineering. O’Meara. (Abstract paper read the 
Faraday House.) (73) Apr. 

English Decimal System Weights and Measures. Bond. (14) Apr. 

Standard Clauses for Inclusion Specification Street Lighting. 
Trotter. (Abstract paper read before the Illuminating Eng. 
Apr. 18; (66) Apr. 22. 

Characteristics and Differentiation Native Bitumens and Their Residuals. 
Clifford Richardson. (14) Apr. 26. 

Physical Valuation Public Utilities. Hale. (9) May. 

Notice sur Quelques Produits Miniers Madagascar.* Bonneford. (32) Jan. 


Municipal. 


The Development Parks and Playgrounds the South Park System Chicago.* 
Richards. (99) 1910. 


Fire Protection North Germany. Alcide Chausse. (99) 1910. 

Co-Relating Sidewalk Grade Curb Grade.* Clark Anderson. (99) 1910. 

Close-Jointed, Heavily Grouted Granite Pavements.* Wm. Howell. (99) 1910. 

Bituminous Pavements—Patented and Otherwise. Kingsley. (99) 1910. 

Repairing Asphalt Pavements. Henry Allen. (99) 1910. 

Modern Highway Engineering. Arthur Blanchard. (99) 1910. 

Paving Methods Erie.* Faulkner Lynch. (99) 1910. 

Report Sub-Committee, Am. Soc. Mun. Improvements, Wood Block Paving 
Specifications. (99) 1910. 

Asphalt Pavement Specifications. Smith. (99) 1910. 

Some Observations Matters Contraction and Expansion Vitrified Brick Street 
Pavements.* Will Blair. (99) 1911. 

Report Committee, Am. Soc. Mun. Improvements, Standard Paving Specifi- 
cations. Charles Brown. (99) 1911. 

Brick Pavement Specifications, Am. Soc. Mun. Improvements. (99) 1911. 

Report Sub-Committee, Am. Soc. Mun. Improvements, Bituminous Paving 
Nomenclature. Linn White. (99) 1911. 

Asphalt Pavement Specifications, Am. Soc. Mun. Improvements. (99) 1911. 

Maintenance and Development Parks.* Richards. (99) 1911 


Report Committee Street Paving. (Am. Soc. Myn. Improvements.) William 
Howell. (99) 1911. 


Bituminous Concrete Pavements. Lykken. (99) 1911. 
Bitucrete, Its Development and Use. Schutte. (99) 1911. 


Asphalt Cements for Sheet Asphalt Pavements. Howard. 
191 


Notes Queries Grouted and Sand-Filled Brick Pavements.* Maury Nichol- 
son. (99) 1911. 


Concrete Roads.* Edward Hines. (4) Mar. 


Road Construction and Maintenance.* Richard Twelvetrees. (104) Mar. 28. 
Road Foundations. (67) 


pr. 
Road Construction Michigan.* Frank Rogers. (60) Apr. 
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Municipal—(Continued). 


Ideal Playgrounds.* Dunning. (60) Apr. 
Average Unit Prices Pavements Constructed 1912 568 Cities. (86) Apr. 
Instructions the Bureau Highways, Manhattan Borough, New York City, for the 
Guidance Its Inspectors Street Paving. Goodrich. (86) Apr. 
Some Notes Asphalt Pavement Construction 1912. (86) Apr. 
Durax Pavement and Machine for Cutting the Blocks.* (86) Apr. 
Road Metals. (96) Apr. 10. 
(From Journal the Am. Soc. Eng. Contractors.) 
pr. 
Design for Paving Street Intersection.* Cameron Corson. (13) 
pr. 
Road Carpets. Crosby, Am. Soc. (104) Apr. 11. 
The Value Specifications and Tests for Bituminous Materials. Charles Reeve. 
read before the Am. Assoc. for the Advancement Science.) (86) 


The Red and Black Roads Saskatchewan. (96) Apr. 17. 

The Wheel and the Road. Inst. (Paper read before the 
Institution Automobile Engrs.) (104) Apr. 

Some Considerations Concerning Rolling Resistance. Hounsfield. (Paper read 
before the Institution Automobile (104) Apr. 18. 

Report the City Toronto Traffic Requirements. Arnold and 

Moyes. (96) Apr. 24. 
Bridge and Highway Tunnels across the Hudson New York.* 
pr. 24. 

Road Construction and Maintenance the Philippines. (86) Apr. 30. 

Clay Clinker Road Construction. (86) Apr. 30. 

The Rock Asphalt Pavements Lawton, Okla.* Frank King. (86) Apr. 30. 

European Creosote Specifications for Paving Block for City Discussion the 


Reducing Amount Oil Impregnation. Sterling. (13) 


Strassenquerschnitte.* Ewald Genzmer. (39) Jan. 20. 
Ziegelpflaster neueren Strassenbau.* Edward Schneider. (80) Feb. 18. 
Die Herstellung von Pflasterklinkern.* Ad. Schmelzer. (80) Mar. 


Beitrag zur Frage der Verbesserungen des schweiz. Strassennetzes.* Schlaepfer. 
(107) Serial beginning Apr. 


Railroads. 


Alterations and Improvements the Port Talbot Docks Railways During the 
Last Decade.* William Cleaver. (63) Vol. 191. 

Coal for British Locomotives.* Charles John Bowen Cooke. 

ol. 
The Laboratory the University Illinois.* Edward Schmidt. 
ar. 

Pennsylvania Terminal Signals and Interlocking.* (23) Mar. 28. 

Inspection Locomotive Boilers. John Ensign. (Abstract paper read before 
the St. Louis Ry. Club.) (94) Apr. 

The Railway Tunnels New York City.* Alfred Noble. (3) Apr. 

Lecomotive Building New Zealand.* (21) Apr. 

British Locomotives 1912.* Gairns. (88) Apr. 

Description 54-Ft. Corridor Composite Carriage the Midland Railway Eng- 
land.* Bain. (88) Apr. 

Causes and Cure Deficient Use Freight Cars. Loree. (9) Apr. 

Locomotive Connecting Rods.* Campbell. (25) Apr. 

Chrome-Vanadium Steel Wheels. (25) Apr. 

Superior European Roundhouse Facilities.* Henry Jacobs. (25) Apr. 

Shop Improvements Burnside, (25) Apr. 

Repairing Locomotive Driving Boxes.* Franey. (25) Apr. 

Fifty-Ton Low Side Gondola.* (25) Apr. 

Steel Underframe Car for the Reading.* (25) Apr. 

Locomotive Valve Gear Driven from the Crosshead. (25) Apr. 

Railway Switches and Track Layouts.* Busfield. (96) 

New Railway Freight Terminal St. Louis.* (13) Apr. 

The Sand Patch Tunnel Improvements.* (Baltimore &,Ohio R.) (18) Apr. 

Transcontinental Commodity Rates Increased. (Report the Interstate Commerce 

Comm.) (15) Apr. (18) Apr. 

Damage Floods (15) Apr. 

Heavy 2-8-4 Type Tank Locomotive, (Chili) and Bolivia Railway Co., 
Ltd.* (23) Apr. 

The Vaughan Rail (23) Apr. 

Modern Locomotive Practice and America. Lawford Fry. (Paper read 
before the Institution Locomotive Engrs.) (23) Apr. (11) Apr. 11. 

Superheater Shunting Engines with Gaines Combustion Chamber.* (23) Apr. 

Passenger Locomotive for the South Indian Railway.* (12) Apr. 


*Illustrated. 
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Engine Derailments.* (12) Apr. 

Hopper Bottom Grain Car, Grand Trunk Ry.* (18) Apr. 
Vanadium Springs Locomotive Service. 


Locomotives for the Chicago Western Indiana 
The Steam Railways.* Storer. 


{Abstract paper read 
before the Cleveland Eng. Soc.) (6) Apr. 10. 
Southern Ry. Freight Station and Office Atlanta, Ga.* (15) Apr. 11. 
New York’s Freight Terminal Problem.* (15) Apr. 11. 


The Locomotive Sir Gilbert Claughton.* (12) Apr. 11. 
Audible Signals. (New York, New Haven Hartford R.) 
National Valuation Convention Urged. Bortin. (15) Apr. 11. 
Transportation Facilities Central Africa.* Sydney and Willard 
Shaler. (103) Apr. 12. 


The Piecework Unit System Handling Ties and Timbers the Timber- 


Treating Industry. Eldridge. (Abstract read before the Am. 
Wood Preservers’ Assoc.) (86) Apr. 16. 


The and Rjnkan Railways.* (From the Review.) (96) 


The North-Eastern Railway’s Stumpf Locomotive.* (12) Apr. 18. 

Railway Drainage.* (12) Serial beginning Apr. 18. 

Freight Rates Water and Rail. Payne. (15) Apr. 18. 

New Classification Yard Winnipeg.* (15) Apr. 18. 

Classification Second-Hand Rail. Jay See. (15) 18. 

The Galesburg Tie Plant the C., Q.* (15) Apr. 18. 

The Oakland, Antioch Railway, California.* (17) Apr. 

Peculiar Explosion Locomotive Boiler.* (64) Apr. 22. 

The Problem the Steel Rail.* Beaton. (From South African Railway 
Magazine.) (96) Apr. 24. 

New D., Line North Scranton, Pa.* (15) Apr. 25. 

The Nicholson Relocation the Lackawanna Railroad; Characteristics New and 
Old Alignment and Principal Consideration for Change.* Ray. (14) 
Apr. 26; (18) Apr. 26. 

Use Screens Clean Stone Ballast, New and Apparatus Developed 
the Baltimore Ohio Railroad.* (14) Apr. 26. 

Large Mikados for the Lake Shore.* (25) May; (15) May 

Distribution Power Mallets.* Paul Weeks. (25) May. 

Locomotive Cab Furnishings.* Alden Lawson. (25) May. 

Refrigerator Cars for the Union Pacific.* (25) May. 

Gasolene Cars for the Holton Interurban.* (25) May; (15) 


May 
The Hudson Bay Route.* William Batten McPherson. 


(From Applied Science.) 
(9) May. 
The New Grand Central Terminal Station New York City; Underground 
Double-Deck Terminal.* (13) May 


New Design Locomotive for the New York Terminal Zone the New 
York Central Railroad.* (13) May (15) Apr. 11. 

Note sur Chemin Fer Bernina. Lheriaud. (38) Jan. 

Notes sur les Locomotives Anglaises.* Fort: (38) Serial beginning 

an. 

Double Passage Tubulaire sous Seine Exécuté 1906 1909 pour Traversée 
Chemin Fer Nord-Sud Paris.* Bechmann Masson. (43) Jan. 

Les Systémes Signalisation Métropolitain Chemin Fer Nord-Sud 
Paris.* Quinat. (33) Mar. 15. 

Projet Electrification des Lignes Petite Banlieue aboutissant aux Gares 
Paris.* Guignard. (33) Mar. 22. 

Embranchements Gares Annexes, Projétés Tourcoing Roubaix (Nord).* 
Tréviéres. (33) Mar. 29. 

Note sur les Locomotives Compound Types Com- 
pagnie Chemin Fer Nord Roues im, 550.* (38) Apr. 

Chemin Fer Mariazell.* Kratochwil. (38) Apr. 

(Indes orientales néerlandaises).* (34) Apr. 

Verfahren zur Bestimmung der Belastungsgrenzen der Dampflokomotiven.* Strahl. 
(48) Serial beginning Feb. 15. 

Personen-Schwebebahn auf dem Kohlererberg bei (System Bleichert Co.).* 
Hans Wettich. (51) Serial beginning Mar. 

Ueber Beleuchtung der mit 


Jong. (102) 
Railroads, Street. 


New Cars for Rochester.* (17) Apr. 
New Paint Shop the Detroit United Railways.* (17) Apr. 12. 
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Railroads, Street—(Continued.) 


Street Car Service and Vehicle Congestion.* (86) Apr. 16. 

Center-Entrance Cars for Brooklyn.* (17) Apr. 19. 

Power Plant Jacksonville Traction Co.* (64) Apr. 22. 

New Woodworking Shop Omaha Council Bluffs Street Railway.* (17) Apr. 26. 

Side-Entrance Car for White and Colored Passengers.* (17) Apr. 

Double-Gage Track Electric Railway.* (13) May 

Progress San Francisco Transportation Improvements.* (13) May 

Maschinensatz zum der Netzspannungsschwankungen 
der Technischen Hochschule Hannover.* Beckmann. 

pr. 
neuen Linien der Pariser Stadtschnellbahn.* (41) Apr. 17. 


Sanitation. 


Present Use the Septic Tank. Henry Ogden. (99) 1910. 

Municipal Sanitation Cuba.* Winthrop Pratt. (99) 1910. 

Exposed Sewers Leavenworth, Kansas.* Joseph O’Neil. (99) 

Notes the Design and Construction the Sewage Disposal System Toronto.* 
Rust. (99) 1910 

European Sewage Disposal Works.* Rudolph Hering. (99) 1910. 

Report the Committee, Am. Soc. Mun. Improvements, Street Cleaning and 
Garbage Disposal. Louis Tribus. (99) 1910. 

District Steam Heating Plants.* Paul Mueller. (99) 1910. 

Report Sub-Committees, Am. Soc. Mun. Improvements, Standard Sewer 
Specifications. Fort. (99) 1911. 

Schedule Analytical Data for Sewer Pipe, Demands and Properties; Mill, Field 
and Laboratory Tests. (99) 1911. 

The Swimming Pools. John Bunker and Melville Whipple. 
(99) 1911. 

Chicago Sewage Disposal Experiment Station.* Langdon Pearse. (99) 1911. 

Report Committee, Am. Soc. Mun. Improvements, Garbage Disposal and 
Street Cleaning. Louis Tribus. (99) 1911. 

Storm Water Discharge. Wynne-Roberts and Brockmann. (104) Serial 
beginning Mar. 28. 

The Collection and Disposal Municipal Waste. (Paper read 
before the Civil Soc. St. Paul.) (1) 

Cost Sewer Trenching with Carson Machine Moundsville, Va. 
Peters. (86) Apr. 

Some Notes the Disposal Sewage Tank Sludge. Charles Brossman. (Paper 
read before the Indiana Sanitary and Water Supply Assoc.) (86) Apr. 

Specifications for Dust Collecting Systems.* William Newell. (101) Apr. 

Heating Mammoth Post Office.* Marks and Woodwell. (101) Serial 
beginning Apr. 

Sewage-Treatment Studies Akron, Ohio, Results Experiments with Settling 
Tanks and Filters Several Types.* (14) Apr. 

Rates Rainfall for Storm-Sewer Calculations. Cushman. (13) Apr. 10. 

New Type Sewage Sedimentation Tank, Mount Washington, Md.* Howard 
Oliver. (13) Apr. 10. 

Utilizing City’s Wastes for Filled Land. (14) Apr. 12. 

Outfall Sewer Corrugated Iron Pipe and Measurements its Internal Friction.* 
(13) 17. 

Sewage Disposal, Nuneaton, England. (96) Apr. 17. 

Heating Portland’s Tallest Office Building.* (101) Apr. 18. 

The Reduction Typhoid Fever Rates Cities New York Resulting from 
Improved Water Supplies. (86) Apr. 23. 

Tile Drainage and its Relation Floods. (Abstract paper read 
before the National Drainage Congress.) (13) Apr. 24, 

Revolving Drum Screens for Sewage.* Kenneth Allen. (14) Apr. 26. 

Artificial Island Proposed for New York Sewage Disposal. (14) Apr. 26. 

District Heating Steam and Hot Water. Lent. (64) Apr. 29. 

Cost Street Cleaning Spokane, Wash. 1912. (86) Apr. 30. 

The Design the Sewage Treatment Plant Albia, Hall. (86) 
Apr. 30. 

Method and Cost Operating Waste Paper Baling Press Connection with 
Collection Municipal Refuse Evanston, Sherer. (86) 
Apr. 30. 

Rational Culvert Formula. (For Sewers.) Horner. (13) May 

Sewage Treatment Plant for the Julietta Insane Hospital, Indiana.* Charles Bross- 
mann. (13) May 

Furnace Heating Suburban School Building.* (101) May 

Mosquito Extermination and its Problems.* (14) May 

L’Epuration Biologique des Usées par Fosse Septique Complétée. (33) 
Apr. 12. 
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Sanitation—(Continued). 


Beschickungs- und fiir und 
sowie Wassermesseinrichtungen. (D. No. 170 460).* Schu- 
mann. (39) Jan. 

Beitrag zur Theorie des Verzégerungsplans.* Fr. Rheinheimer. (39) Jan. 20. 

Das Berechnen Schulze. (39) Jan. 20. 

Die Reinigung von Arthur Mar. 15. 

Der Wasserabschluss bei Strassensinkkasten. Sprengel. (39) Mar. 20. 

Verbesserung der Reinigungswirkung durch von 
Prismenleisten.* Saslawsky. (7) Mar. 

Die Heizungs- und Liiftungsanlagen und einige andere technische Einrichtungen 
Neubau des Wiener Bank-Vereines.* Steiner. (53) Mar. 28. 

Die Abwasserbeseitigung der Villenkolonie und der Eigenhauskolonie 

ar. 

Norbert Wechsler. (53) Serial beginning 

pr. 


Structural. 


the Theory Arched Ribs.* Vivian Childs. (63) Vol. 191. 

Simple Method for Determining Stresses Hingeless Blastic Arch Ribs.* 
Wilkerson. (58) Mar. 

made the Home Secretary.) (66) Mar. 25. 

Tests Fireproof Construction for the City New York.* Harold Perrine. (6) Apr. 

The Unit Method Reinforced Concrete Construction.* John (Paper 
read before the Engrs.’ Club St. Louis.) (1) Apr. 

Initial Stresses Structural Steel.* Joseph Worcester. (Paper read before 
the Boston Soc. Civ. Engrs.) (1) Apr. 

Tests Determine the Effect Stone Dust the Concrete Aggregate.* Francis 
Dawson. (36) Apr. 

Lateral Earth Pressures.* Roberts Mann. (36) Apr. 

Comparative Tests Slag and Stone Concrete.* (36) Apr.; (86) Apr. 30. 

The Pressure Concrete Forms.* (86) Apr. 

The Provision and Arrangement Working-Class Dwellings.* (Report the 
Local Government Board.) (104) Apr. 

Alkali-Resisting Concrete. (Paper read before the Inter. Assoc. for Testing 
Materials.) (96) Apr. 10. 

Paint Engineering Material. Maximilian Toch. (Abstract paper read 
before the Am. Chemical Soc.) (96) Apr. 10. 

Factory Built under Unusual Conditions: Brainard.- 

Trust Building Extension.* (14) Apr. 12. 
The Foundations for Large Boiler House.* Alden Welch. 
pr. 

Copper Steel, Its Influence Corrosion.* Buck. (Paper read before 
the Am. Chemical Soc.) (20) Apr. 17; (62) Apr. 21. 

New Specification for Sulphate Content Portland Cement. (Paper read before 
the Inter. Assoc. for Testing Materials.) (96) Apr. 17. 

Reinforced Concrete Design. Davenport. (Paper read before the Concrete 
Inst.) (96) Apr. 17. 

Specifications for Wood Block Floors.* (20) Apr. 24. 

Effects Currents Concrete. Rosa, Burton McCollum and 
Peters. (96) Apr. 24. 

Depth T-Beams.* Stewart. (13) Apr. 24. 

Design Steel Girders Embedded Concrete.* George Paaswell. (13) 
Apr. 24. 

Deep Foundation Pits Quicksand.* (14) Apr. 26, 

Characteristics and Differentiation Native Bitumens and Their Residuals. Clifford 
Richardson. (14) Apr. 26. 

The Protection Steel from Corrosion.* Henry Williams. (9) May. 

The Effect the Omaha Tornado Structures.* Albert Arend. (13) May 

Shearing Strength Joints between Old and New Concrete.* John Nichols. 
(Abstract from Harvard Journal.) (14) May 

Théatre des Champs-Elysées, Paris.* Louis Gellusseau. (33) Apr. 

Das Holz als Baustoff. Lang. (81) Serial beginning Pt. 


Zur Bemessung doppeltbewehrter und Bisenbetonbalken. Schack. 
(81) Pt. 

Hochgefluder und Aschenrampe aus Kupfer. (80) Jan. 

Beton zur Ausbesserung von Holzmasten.* (80) Jan. 

Bestimmung des spezifischen Gewichtes des Zementes nach Liévin.* Saches. 

(80) Feb. 
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Structural—(Continued). 


Ton-Silo aus Burghardt. (80) Feb. 13. 

Vorlagenhalle aus Kupfer. (80) Mar. 

Der Neubau des Wiener Bank-Vereines.* (53) Mar. 21. 

Deutschland.* Scheck. (40) Mar. 22. 

Der neue Schlacht- und Viehhof Gelsenkirchen.* (80) Mar. 22. 

Die Badeanstalt der Gemeinsamen Ortskrankenkasse Dannenberg 
Ritter. (7) Mar. 22. 

und Ernst Schick. (78) Apr. 

Berechnung von Steineisendecken.* Burghardt. (80) Apr. 17. 

Ueber den Zusammenhang zwischen der Zufuhr Antiseptikum und der Lebens- 
dauer bei Holzmasten. Basilius Malenkovic. (41) Apr.- 17. 

Eisenbeton Verbindung mit Mauerwerk.* (78) Apr. 


Topographical. 


The Topographic Survey Cincinnati.* Hugh Apr. 
Theory and Practice Stadia Surveying.* MacDonald. (96) Apr. 


Fieldwork and Computations for Laying Out Subdivisions Curved Street Lines.* 
Anderson. (13) Apr. 24. 


The Settlement and Survey the Alaskan Boundary.* Flemer. (9) May. 
Water Supply. 
Improvements Check Valves Auxiliary Water Supplies. Walter Ackermann. 


(99) 1910. 
Purification Plant Grand Rapids, Mich.* Armstrong. 


Swatow Waterworks.* Arthur Henry Ough. (63) Vol. 191. 

Reinforced Concrete Studies, The Hollow Dam the Buttress Type. Finch 
and Thoman. (6) Apr. 

Columbia River Power Project Near The Dalles, Oregon. Harza. (Paper 
read before the Oregon Soc. Civ. Engrs.) (1) Apr. 

Water System for Upper Willamette Valley, Oregon. Louis Kelsey, Am. 

Unwatering Two Notable Excavations, Methods Employed Sinking Shaft 
the Catskill Aqueduct and Driving Tunnels Under the East River, New 
York.* 

Method and Cost Constructing Barth Circular Brick-Lined Water Works 
Tunnel ft. Diameter and 1216 ft. Long.* (86) Apr. 

The Treatment the Water Works Reservoir Quincy, Illinois, for Alge, 
Amount Copper Sulphate Used. Gelston. (Paper read before the 
Illinois Water Supply Assoc.) (86) Apr. (13) Apr. 24. 

Experiments Flow Water Over Model Sackett. (Paper read 
before the Indiana Eng. Soc.) (96) Apr. 

Notable Reservoir for Flood Control Germany.* Kenneth Grant. (13) 

pr. 

Water Clarification and Dredgers.* (22) Apr. 

Harnessing the Public Water Power.* Blanchard. (46) Apr. 

Power ard Paper-Mill Development the Chippewa River.* 

Miami and Erie Canal Feeder Reservoirs during Ohio Floods, Measures Taken 
Protect Embankments during High Water.* (14) Apr. 

High Flume Trestle Idaho.* Korsmo. (14) Apr. 

River Dams Resumed Government Pushing Improvement. (62) 

The Hydraulics Fire Streams Small Hose and Nozzles.* (86) Apr. 

Notes the Water Supply Problem Railroad Operation. Knowles. (Paper 
read before the Illinois Water Supply Assoc.) (86) Apr. 

Method and Cost Removing Heavy Growth Vegetable Matter from Reservoir 
Bottom Xenia, Ohio. George Cooper. (86) Apr. 

Rockfill Diversion Dam with Concrete Core Wall, Minidoka Irrigation Project, Idaho. 
Fogg. (86) Apr. 

Appraisal Water Works Properties, with Special Reference the Repro- 
duction Method. Douglas Graham. (Paper read before the Illinois Water 
Supply Assoc.) (86) Apr. (13) Apr. 

New Intake for the Capilano Waterworks, Vancouver, C.* Burwell. (13) 
Apr. 10. 

The Flooding the Albany Filtration Plant and Previous High Floods Albany, 

Wallace Greenalch. (13) Apr. 10; (14) Apr. 

The San Francisco Water Supply.* (11) Apr. 11. 

Horse-Power Water-Turbines for Rio Janeiro.* (11) Apr. 11. 


*Tllustrated. 


. 
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Water Supply—(Continued). 

The Rotoplunge Pump.* (57) Apr. 11. 

for Water Sterilization Wilmington.* John Kienle. (14) 

and Lining Power Tunnel Tallulah Falls, Georgia.* (14) Apr. 12. 

Carbon Dechlorination Chlorinated Water Supplies England. Alec. Jarvis. 
(Abstract paper read before the Ill. Water Supply Assoc.) (13) Apr. 17. 

Water Supply for Public Baths.* Yorath, Inst. (12) Apr. 18. 

Purification Water Slow and Rapid Sand Filtration. Aird Murray, 
Can. Soc. (Abstract paper read before the Canadian Public Health 
Assoc.) (104) Serial beginning Apr. 18. 

Ohio Reservoirs During the March Floods.* Morris Knowles. (14) Apr. 19. 

Sterilization Water Ultra-Violet Light. John Davies. (Abstract paper 
read before the Ill. Water Supply Assoc.) (14) Apr. 19. 

Permanent Water Supply the Isthmus. (14) Apr. 19. 

Construction Day Labor Minneapolis: Methods and Costs Concrete Vaulting 

Dam and Embankment Failures 1912; Discussion and 
Causes Destruction. Myron Fuller. (14) Apr. 19. 

Pittsburgh’s Slow-Sand Filtration (14) Apr. 19; 

pr. 

Method Lining Small Tunnel with Concrete, Using Pneumatic 
Machine.* (Drain Tunnel for Catskill Aqueduct.) (86) Apr. 23. 

Water Works Plant Miles City, Mont.* Pruett. 

pr. 

Economical Operating Methods and the Study Economies Water Works Pump- 
ing Plants. Benjamin. (Paper read before the Indiana San. and Water 
Supply Assoc.) .(86) Apr. 23. 

Methods Employed Salamanca, New York, for Cleaning Out Old and Opening 
Wells—Economy Natural Gas Pumping. Heller. (86) 


Water Treated with Chlorite Lime Against Typhoid Fever and Its Effect Upon 
Vegetation. (96) Apr. 


Panama Water Supply. (96) 24. 

The Recent Standpipe Failure Cairo, Habermeyer. (13) Apr. 24. 

New Recording Differential Pressure Gage.* (13) Apr. 24. 

Swiss Hydroelectric Developments.* (14) Apr. 26. 

Method Estimating the Amount Evaporation from Water and Soil Surfaces 
the Livermore Valley California. (From Report the Spring Valley Water 
Company San Francisco.) (86) Serial beginning Apr. 30. 

Studies Coefficient Friction Reinforced-Concrete Pipe, Project, Ore- 
gon.* Herbert Newell. (13) May 

Spillways the Siphonic Type.* Hillberg. (14) May 

Standpipe Unusual Point Water-Power Plant.* (14) May 

Construction the Abbott Brook Dike, Hydraulic Sluicing Methods Used Building 

Monolithic Construction Heavily Reinforced 17-Foot Circular Aqueduct; Construc- 
tion Methods Kensico Conduit the Catskill Aqueduct.* Henry 
Wade Nelson. (14) May 

Calcul des Reservoirs Polygonaux.* Schaffner. (32) Jan. 

L’Usine Biaschina (Tessin, Suisse).* Ch. Dantin. (33) 
Mar. 15. 

L’Epuration par l’Hypochlorite Chaux des Eaux d’Alimentation New-York.* 
(33) Mar. 29. 

Etablissement d’une nouvelle Conduite Marne, entre Réservoir Ménil- 
montant l’Avenue Saint-Ouen, Paris.* Vibert Dariés. (35) Apr. 

Epuration des Baux Industrielles. Appareils Dervaux-Reisert.* (34) Apr. 

Betonrohre nach Janke. (80) Jan. 11. 

Die Breslauer Wasserversorgung. (7) Mar. 15. 

Zur Wasserfrage Gross-Berlin.* Aird. (7) Mar. 22. 

Die Wasserkraftanlage Augst-Wyhlen. (107) Serial beginning Mar. 29. 

Wassertiirme.* (80) Apr. 

Die jetzige und die zukiinftige Wasserversorgung der Stadt Gleiwitz.* Hache. (7) 
Apr. 


Waterways. 

The Construction the New Dock Methil.* Benjamin Hall Blyth. (63) Vol. 
191. 

Alterations and Improvements the Port Talbot Docks and Railways during the 


Last Decade.* William Cleaver. (63) Vol. 191. 
The Ohio Valley Floods.* (13) 


Apr. 
The Proposed Georgian Bay Ship Canal. (12) Apr. 
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Waterways—(Continued). 
Features Balboa Terminal Panama. (From Canal Record.) (14) 


the Flood Indiana, Records Rainfall, River Stages and Damage 
Engineering Structures.* Charles Brossmann. (14) Apr. 

Methods and Costs Building Shore Protections the Upper Mississippi River.* 
Charles Durham. (86) Apr 

Concrete Superstructure Over the Breakwater, Michigan City 

Cost Hydraulic Dredge Fill Lincoln Park, Chicago.* (86) Apr. 

Flood Control the Sacramento Valley, California. Fred Tibbitts. Apr. 

Hydrometric Investigations Determine the Influence Forest Cover the Flow 
Streams the White Mountains.* (86) Apr. 

The Recent Flood Columbus, Ohio.* Julian Griggs. (13) Apr. 10. 

The Flood March Akron, Ohio.* (13) Apr. 10. 

The Flood March-April, 1913, the Ohio and its Tributaries.* John 
Hoyt. (13) Apr. 10. 
Stream Flow when Streams are Frozen.* W.G. Hoyt. (13) 

pr. 
Hydraulic Dredging New York Barge Canal. Emile Low. (13) Apr. 10. 
Stability and Displacement Graving Docks.* Leonard Godday. 
Effects Recent Flood New York Streams; Study Rainfall and Stream Dis- 


with Hydrographs for Fourteen Rivers.* Robert Horton. (14) 
pr. 


Flood Devastation Dayton, Ohio.* (14) Apr. 12. 

Progress Ohio River Lock and Dam 48.* (14) Apr. 12. 

The Georgian Bay-Ottawa-Montreal Waterway.* Macdonald. (96) Apr. 17. 
Freight Rates Water and Rail. Payne. (15) Apr. 18. 
Equipment New York Dock Company.* (14) Apr. 19; (13) 


The Pittsburgh Flood March 27; Records Precipitation and Flood Stages 

Various Localities.* Morris Knowles. (14) Apr. 

River Gagings Ohio. (14) Apr. 19. 

Cost Constructing Concrete Culverts Under Canal Sevier County, Utah.* James 
Jensan. (86) Apr. 23. 

Cost Dredging 21016512 cu. yd. Material with Hydraulic Pipe Line 
Dredges During 1912. (86) Apr. 23. 

Government Hearing the Grand River Control. (96) Apr. 24. 

The Wabash River Flood, March 21-April 1913.* Sackett. (13) Apr. 24. 

Damage Structures the Indianapolis Flood.* DeWitt Moore. (13) Apr. 24. 

New York State Barge Canal.* Noble Whitford. (46) Apr. 26. 

Cost Dredging 708 465 cu. yd. Material with Seagoing Hopper Dredges 
During 1912. (86) Apr. 30. 

Hydraulic Suction Dredge for Canal Work.* (95) May. 

8-Cubic Yard Dipper Dredge.* (95) May. 

Dredging.* Kindlund. (95) May. 

The Cuyahoga River the Flood March 25-26, (13) May 

Notes from the Miami Valley.* (13) May 

The Control the Mississippi Floods.* Ch. Townsend. (19) May 

Floods and Problems River Regulation.* Charles Whiting Baker. (46) May 

Etude des Mouvements des Gréves dans Baie Mont Saint-Michel.* 


(43) Jan. 
an. 
Lagune Venise ses Passes.* Erminio Cucchini. (Abstract from Giornale 
del Genio Civile.) (43) Jan. 
Note sur les Travaux d’Amélioration Port Nice.* Houel. (43) Jan. 
Ouvrages Maritimes Italie.* Perilli. (84) 


Phare (84) Mar. 

Les Tranchée Centrale Canal Panama.* Dumas. (33) 
Mar. 

Die Berechnung vollkommener Ueberfallwehre. Th. Rehbock. (81) Pt. 


Rechnerische Ermittelung parabelférmigen 
Otto Lacmann. (81) Pt. 


Uferbestigung aus Bauweise Muralt.* (80) Jan. 28. 
Wehre und Schleusen der oberen schiffbaren Spree.* Papke. (40) Feb. 


Die Bewegung des Wassers und Ruprecht. 
(40) Apr. 16. 


| 
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Plates LXV LXVI. Illustrations Prewitt Reservoir Prop- 
Plates LXXII LXXIV. Modern Pier Construction 


The Use Cement for Excluding Water from Oil Sands Drilling Wells. 
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Structural—(Continued). 


Ton-Silo aus Burghardt. (80) Feb. 13. 
Vorlagenhalle aus Eisenbeton.* Kupfer. (80) Mar. 
Der Neubau des Wiener Bank-Vereines.* (53) Mar. 21. 
Eiserne Deutschland.* Scheck. Mar. 22. 
Der neue Schlacht- und Viehhof Gelsenkirchen.* Mar. 22. 


Die Badeanstalt der Gemeinsamen Ortskrankenkasse Dannenberg Elbe.* 
Ritter. (7) Mar. 


Eisenbeton und Ernst Schick. (78) Apr. 

Die Dacher Geusen. (78) Serial beginning 

Berechnung von Steineisendecken.* Burghardt. (80) Apr. 17. 

Ueber den Zusammenhang zwischen der Zufuhr Antiseptikum und der Lebens- 
dauer bei Holzmasten. Malenkovic. (41) Apr. 17. 

Eisenbeton Verbindung mit Mauerwerk.* Kleinlogel. (78) Apr. 21. 


Topographical. 


The Topographic Survey Cincinnati.* Hugh Mitchell. (13) Apr. 

Theory and Practice Stadia Surveying.* MacDonald. (96) Apr. 

Fieldwork and Computations for Laying Out Subdivisions Curved Street Lines.* 
Anderson. (13) Apr. 24. 

The Settlement and Survey the Alaskan Boundary.* Flemer. (9) May. 


Water Supply. 
Improvements Check Valves Auxiliary Water Walter Ackermann. 


(99) 1910. 
Purification Plant Grand Rapids, Mich.* Armstrong. 


Swatow Waterworks.* Arthur Henry Ough. (63) Vol. 191. 

Reinforced Concrete Studies, The Hollow Dam the Buttress Type. Finch 
and Thoman. (6) Apr. 

Columbia River Power Project Near The Dalles, Oregon. Harza. (Paper 
read before the Oregon Soc. Civ. Engrs.) (1) Apr. 

Water System for Upper Willamette Valley, Oregon. Louis Kelsey, Am. 
Soc. (60) Apr. 

Unwatering Two Notable Excavations, Methods Employed Sinking Shaft 
the Catskill Aqueduct and Driving Tunnels Under the Bast River, New 
York.* (45) Apr. 

Method and Cost Circular Brick-Lined Water Works 
Tunnel ft. Diameter and 1216 ft. Long.* (86) Apr. 

The Treatment the Water Works Reservoir Illinois, for 
Amount Copper Sulphate Used. Gelston. (Paper read before the 
Illinois Water Supply Assoc.) (86) Apr. (13) Apr. 24. 

Experiments Flow Water Over Model Dams.* Sackett. (Paper read 
before the Indiana Eng. Soc.) (96) Apr. 

Notable Reservoir for Flood Control Germany.* Kenneth Grant. (13) 

Making, Wall Grouting Fissured Rock, Lahontan Dam.* Cole. 

pr. 

Water Clarification and Dredgers.* (22) Apr. 

Harnessing the Public Water Power.* Blanchard. (46) Apr. 

-Power ard Paper-Mill Development the Chippewa River.* 

Miami and Erie Canal Feeder Reservoirs during Ohio Floods, Measures Taken 
Protect Embankments during High Water.* (14) Apr. 

High Flume Trestle Idaho.* Korsmo. (14) Apr. 

River Dams Resumed; Government Pushing Improvement. (62) 

The Hydraulics Fire Streams from Small Hose and Nozzles.* (86) Apr. 

Notes the Water Supply Problem Railroad Operation. Knowles. (Paper 
read before the Illinois Water Supply Assoc.) (86) Apr. 

Method and Cost Removing Heavy Growth Vegetable Matter from Reservoir 
Bottom Xenia, Ohio. George Cooper. (86) Apr. 

Rockfill Diversion Dam with Concrete Core Wall, Minidoka Irrigation Project, Idaho. 
Fogg. (86) Apr. 

The Appraisal Water Works Properties, with Special Reference the Repro- 
duction Method. Douglas Graham. (Paper read before the Water 
Supply Assoc.) (86) Apr. (13) Apr. 

New Intake for the Capilano Waterworks, Vancouver, C.* Burwell. (13) 
Apr. 10. 

The Flooding the Albany Filtration Plant and Previous High Floods Albany, 
Wallace Greenalch. (13) Apr. 10; (14) Apr. 

The San Francisco Water Supply.* (11) Apr. 11. 

Horse-Power Water-Turbines for Rio Janeiro.* (11) Apr. 
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Water Supply—(Continued). 

The Rotoplunge Pump.* (57) 

for Water Sterilization Wilmington.* John Kienle. (14) 
pr. 

Driving and Lining Power Tunnel Tallulah Falls, Georgia.* (14) Apr. 12. 

Carbon Dechlorination Chlorinated Water England. Jarvis. 
(Abstract paper read before the Ill. Water Supply Assoc.) (13) Apr. 17. 

Water Supply for Public Baths.* Yorath, Inst. (12) Apr. 18. 

Purification Water Slow and Rapid Sand Filtration. Aird Murray, 


Can. Soc. (Abstract paper read before the Canadian Public Health 
Assoc.) (104) Serial beginning Apr. 18. 


Ohio Reservoirs During the March Floods.* Morris Knowles. (14) Apr. 19. 

Sterilization Water Ultra-Violet Light. John Davies. (Abstract paper 
read before the Ill. Water Supply Assoc.) (14) Apr. 19. 

Permanent Water Supply the Isthmus. (14) Apr. 19. 

Construction Day Labor Minneapolis: Methods and Costs Concrete Vaulting 
over City Reservoir.* Jones, Assoc. Am. Soc. (14) Apr. 19. 

Dam and Embankment Failures 1912; Discussion the Types Structures and 
Causes Destruction. Myron Fuller. (14) Apr. 19. 

the Pittsburgh’s Slow-Sand Filtration Plant.* (14) Apr. 19; 

Apr. 23. 

Method Lining Small Tunnel with Concrete, Using Pneumatic Concrete 
Machine.* (Drain Tunnel for Catskill Aqueduct.) (86) Apr. 23. 

Water Works Plant Miles City, Mont.* Pruett. 

pr. 

Economical Operating Methods and the Study Economies Water Works Pump- 
ing Plants. Benjamin. (Paper read before the Indiana San. and Water 
Supply Assoc.) (86) Apr. 23. 

Methods Employed Salamanca, New York, for Cleaning Out Oid and Opening 

pr. 23. 

Water Treated with Chlorite Lime Against Typhoid Fever and Its Effect Upon 
Vegetation. (96) Apr. 24. 

Panama Water Supply. (96) 24. 

The Recent Standpipe Failure Cairo, G.C. Habermeyer. (13) Apr. 24. 

New Recording Differential Pressure Gage.* (13) Apr. 24. 

Swiss Hydroelectric Developments.* (14) Apr. 26. 

Method Estimating the Amount Evaporation from Water and Soil Surfaces 
the Livermore Valley California. (From Report the Spring Valley 
Company San Francisco.) (86) Serial beginning Apr. 30. 

Studies Coefficient Friction Reinforced-Concrete Pipe, Umatilla Project, Ore- 
gon.* Newell. (13) May 

Spillways the Siphonic Type.* Hillberg. (14) May 

Standpipe Unusual Point Water-Power Plant.* (14) May 

Construction the Abbott Brook Dike, Hydraulic Sluicing Methods Used Building 
Embankment Maine.* (13) May 

Monolithic Construction Heavily Reinforced 17-Foot Circular Construc- 
tion Methods Kensico Effluent Conduit the Catskill Aqueduct.* Henry 
Wade Nelson. (14) May 

Calcul des Reservoirs Polygonaux.* Schaffner. (32) Jan. 
ar. 15. 

L’Epuration par Chaux des Eaux d’Alimentation New-York.* 
(33) Mar. 29. 

Etablissement d’une nouvelle Conduite Marne, entre Réservoir Ménil- 
montant l’Avenue Saint-Ouen, Paris.* Vibert Dariés. (35) Apr. 

Epuration des Baux Industrielles. Appareils Dervaux-Reisert.* (34) Apr. 

Betonrohre nach Janke. (80) Jan. 11. 

Die Breslauer Wasserversorgung. (7) Mar. 15. 

Zur Wasserfrage Gross-Berlin.* Aird. (7) Mar. 22. 

Die Wasserkraftanlage Augst-Wyhlen. (107) Serial beginning Mar. 29. 

Die jetzige und die zukiinftige Wasserversorgung der Stadt Gleiwitz.* Hache. (7) 
Apr. 


The Construction the New Dock Methil.* Benjamin Hall Blyth. (63) Vol. 

Alterations and Improvements the Port Talbot Docks and Railways during the 
Last Decade.* William Cleaver. (63) Vol. 191. 


The Ohio Valley Floods.* (13) Apr. 
The Proposed Georgian Bay Ship Canal.* (12) Apr. 
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Waterways—(Continued). 


Features Balboa Terminal Panama. (From Canal Record.) (14) 


the Flood Indiana, Records Rainfall, River Stages and Damage 
Engineering Structures.* Charles Brossmann. Apr. 

Methods and Costs Building Shore Protections the Mississippi River.* 
Charles Durham. (86) Apr 

Concrete Superstructure Over the Detached Breakwater, Michigan City 
Indiana. Liljencrantz. (86) Apr. 

Cost Hydraulic Dredge Fill Lincoln Park, Chicago.* (86) Apr. 

Flood Control the Sacramento Valley, California.* Fred Tibbitts. Apr. 


Hydrometric Investigations Determine the Influence Forest Cover the Flow 
Streams the White Mountains.* (86) Apr. 

The Recent Flood Columbus, Ohio.* Julian (13) Apr. 10. 

The Flood March Akron, Ohio.* (13) Apr. 

The Flood March-April, 1913, the Ohio River and Tributaries.* John 
Hoyt. (13) Apr. 10. 

Methods Stream Flow when Streams are Frozen.* W.G. Hoyt. (13) 

Dredging New York Barge Canal. Emile Low. (13) Apr. 10. 
Stability and Displacement Graving Docks.* Leonard Godday. 
Effects Recent Flood New York Streams; Study Rainfall and Stream Dis- 


with Hydrographs for Fourteen Rivers.* Robert Horton. (14) 
pr. 


Flood Devastation Dayton, Ohio.* (14) Apr. 12. 

Progress Ohio River Lock and Dam 48.* (14) Apr. 12. 

The Georgian Bay-Ottawa-Montreal Waterway.* Macdonald. (96) Apr. 17. 

Freight Rates Water and Rail. Payne. (15) Apr. 18. 

Equipment New York Dock Company.* (14) Apr. 19; (13) 


The Pittsburgh Flood March 27; Records and Flood Stages 
Rivers Various Localities.* Morris Knowles. (14) Apr. 19. 

River Gagings Ohio. (14) Apr. 19. 

Cost Constructing Concrete Culverts Under Canal Sevier County, Utah.* James 
Jensan. (86) Apr. 23. 

Cost Dredging 21016512 cu. yd. Material with Hydraulic Pipe Line 
Dredges During 1912. (86) Apr. 23. 

Government Hearing the Grand River Control. (96) Apr. 24. 

The Wabash River Flood, March 21-April 1913.* Sackett. (13) Apr. 24. 

Damage Structures the Indianapolis Flood.* DeWitt Moore. (13) Apr. 24. 

New York State Barge Canal.* Noble Whitford. (46) Apr. 26. 

Cost Dredging 708 465 cu. yd. Material with Seagoing Hopper Dredges 
During 1912. (86) Apr. 30. 

Hydraulic Suction Dredge for Canal Work.* (95) May. 

8-Cubic Yard Dipper Dredge.* (95) May. 

Dredging.* Kindlund. (95) May. 

The Cuyahoga River the Flood March 25-26, (13) May 

from the Miami Valley.* (13) May 

The Control the Mississippi Floods.* Ch. Townsend. (19) May 

Floods and Problems River Regulation.* Charles Whiting Baker. (46) May 

Etude des Mouvements des Gréves dans Baie Mont Saint-Michel.* 


(43) Jan. 

(43) an. 

Lagune Venise ses Passes.* Cucchini. (Abstract from Giornale 
del Genio Civile.) (43) Jan. 

Note sur les Travaux d’Amélioration Port Nice.* Houel. (43) Jan. 

Ouvrages Maritimes Italie.* Perilli. (84) 


Phare 


Mar. 
Les Tranchée Centrale Canal Panama.* Dumas. (33) 
Mar. 


Die Berechnung vollkommener Ueberfallwehre. Th. Rehbock. (81) Pt. 

Rechnerische Ermittelung giinstigsten 
Otto (81) Pt. 

Uferbestigung aus Bisenbeton, Bauweise Murait.* (80) Jan. 28. 

Wehre und Schleusen der oberen schiffbaren Spree.* Papke. (40) Feb. 


Die Bewegung des Wassers und Kanilen.* Ruprecht. 
16. 
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HYDROLOGY THE PANAMA CANAL. 


most critical and interesting period the history the dis- 
charge from the Chagres River Basin has just been completed, and, 
account the wide-spread interest the Panama Canal, seems 
pertinent just now put record certain data bearing the hy- 
drology and other natural phenomena this basin. comparatively 
close sequence have followed the year minimum run-off, the year 
least dry-season run-off, and the year maximum discharge, and 
these and other facts relating the water supply the lake seem 
especial interest this time. way, this paper may con- 
sidered extension the records set forth previously 
Engineer Corps, (Retired), his several monographs 
this subject. Especial attention directed “Problems the Panama 
Canal,” the latter author, which may found valuable compila- 
tions former records, some which are not available elsewhere. 


papers are issued before the date set for presentation and discus- 
sion. Correspondence invited from those who cannot present the meeting, 
and may sent mail the Secretary. Discussion, either oral written, will 
published subsequent number Proceedings, and, when finally closed, the 
papers, with discussion full, will published Transactions. 


Formerly Assistant Engineer Charge Third Division, Office Chief Engineer, 
Isthmian Canal Commission. 


Chief Engineer, Reclamation Service. 


Hydrology the American Isthmus,” and Hydrology (U.S, Pub 
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These and the deductions therefrom are the careful work trained 
hydraulician, and represent painstaking investigation. 

The data and records used the preparation this paper were 
taken from the hydrographic and meteorological files the Isthmian 
Commission the kind permission Col. George Goethals, 
Corps Engineers, A., Am. E., Chairman and Chief 
Engineer the Isthmian Canal Commission. 


INTRODUCTION. 


generally known, the Isthmian Canal being constructed 
across the Isthmus Panama from the Caribbean Sea the Gulf 
Panama, and its location approximately the center strip 
land, miles wide, the use and control which was granted 
perpetuity the United States the Republic Panama. This 
strip land, called the “Canal Zone,” stretches generally north- 
east and southwest direction, and approximately contained between 
Longitude 79° 30’ and 80° 00’ west and Latitude 55’ and 25’ north. 


Most that portion the Isthmus Panama which lies the 
immediate vicinity the Canal Zone little elevation above 
sea level, and the higher portions are either series more less 
parallel ridges nearly uniform height, isolated dome-shaped hills, 
seemingly dropped haphazard. Along the Caribbean Coast there are 
many stretches fresh swamp land, such the Mindi Marshes south- 
west Colon and reaching inland miles. both sides the 
Isthmus there are also extensive salt-water shallows, mostly covered 
with low-growing mangroves. the other hand, there are many bold 
bluffs hard trap rock which rise abruptly from the sea, and ridges 
these run back into the higher hills inland. The harbor Porto 
Bello nearly surrounded such barrier, while Limon Bay, 
the harbor Colon, the opposite condition appears. 

the Pacific side similar shore conditions are found, except 
that, for miles along the coast each direction, there are harbors 
which can compare with those the side. The main drain- 
age the Isthmus, course, dependent the cordillera, conti- 
nental divide. About miles southeast Panama City the divide 
approaches within miles the Pacific shore, and for the entire dis- 
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tance along the southerly boundary the Chagres Basin no- 
where much more than miles from this ocean. 

The Chagres River the largest the Republic Panama 
the Atlantic side the Isthmus. has drainage area above Gatun 
sq. miles, and between this station and the mouth the 
river there are probably about sq. miles additional drainage. The 
Chagres discharges into the Caribbean Sea about miles southwest 
Toro Point, which the northernmost limit Canal Zone land 
the westerly side Limon Bay. Going stream from its mouth, 
the course the river generally southeastward Gamboa, which 
about half way across the Isthmus and miles from the mouth 
the river. this point, the rise has been very slight, the eleva- 
tion the river bed Gamboa being only ft. above sea level. The 
course has thus far meandered through comparatively level and often- 
times swampy bottom lands, which vary width, the low hills 
each side. The widest stretch this country found the Gatun 
and Trinidad marshes, lying between Gatun and Ahorca Lagarto, 
swampy area about miles long and from miles wide, with 
many low, isolated hillocks scattered here and there, rising slightly 
above swamp level. Neat Gamboa the river makes abrupt turn 
almost right angles, and the course now generally northeastward. 
Its character also changes this point, and instead the sluggish 
river running through comparatively level flood plain, with slope 
about ft. per mile, there now stream, for the most part 
swiftly running, between banks which are the slopes the higher 
hills. The Zone line passed miles above the mouth and about 
miles above Gamboa, and the remainder the course the 
Republic Panama. Alhajuela, miles above Gamboa, 384 miles 
above Gatun, and miles above the river mouth, the bed the 
stream about ft. above sea level. Twenty-four distinct rapids 
have been passed, and the rise has been about ft. since leaving 
Gamboa, the average slope being about 4.6 ft. per mile between these 
stations. This point approximately proposed high-water level 
Gatun Lake its final elevation. 

The climate the Canal Zone, general way, has the character- 
istics stated Dr. Phillips belonging the tropics: 


“Unusually mild, equable, moist, warm; average temperature, 80° 
F.; rainfall frequent and heavy over water and over windward land 
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exposure; nights unusually clear; afternoons cloudy; general storms; 
seasons, rainy and dry, but this division only relative one.” 

regard climatic changes and the length time necessary for 
complete cycle fluctuation and evidence periodicity, Willis 
Moore,* quoting Briickner, states that such period completed 
average. years, with possible extremes years indi- 
vidual cycles. Dr. Lockyer came the same conclusion, using 
different premises from Briickner. The late George Rafter, Am. 
quoting Mr. Binnie, states that “dependence can 
placed any good record thirty-five years’ duration give 
mean rainfall correct within per cent. the truth.” Mr. Rafter 
further states that: 
“for records from twenty years thirty-five years length, the error 
may expected vary from 3.25 per cent. down per cent., and 
that for the shorter periods, five, ten, and fifteen years, the probable 


extreme deviation from the mean would per cent., 8.25 per cent., 
and 4.75 per cent., respectively.” 


INSTRUMENTAL 


Three first-class meteorological stations are operation the 
Canal Zone: Ancon, the Pacific Coast; Culebra, the interior 
the continental divide; and Cristobal, the Atlantic Coast. Each 
these stations equipped with the following instruments: 


Standard.—Mercurial barometer, hygrometer, anemoscope, ane- 
mometer, sunshine recorder, automatic rain gauge, maximum, 
minimum, and standard thermometers. 

Thermograph, barograph, and 
meteorograph, the latter recording sunshine, rainfall, and 
direction and velocity the wind. 


The meteorological instruments are all standard types, similar 
those use the United States Weather Bureau. The Culebra 
station also equipped with maximum solar thermometer for 
recording the direct sun temperature, and the two coast stations have 
water thermographs for recording automatically the temperature 
the sea water. Besides the regular meteorological stations, three wind- 
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movement stations are maintained, Pedro Miguel, Gamboa, and 
Gatun. These stations are equipped with anemometer, anemoscope, 
and meteorograph for recording the direction and velocity the wind. 

Twenty-five rainfall stations are maintained the Canal Zone, 
and rainfall records are also received from Chepo, Chorrera, and 
Bocas del Toro, P., and from three other stations outside the Zone 
and the head-waters representative streams. 


MEAN BI-HOURLY ATMOSPHERIC PRESSURE 
REDUCED SEALEVEL BASE NUMBER INCHES 


a 5 


A.M. A.M. AM. Noon P.M, P.M. P.M. P.M, 


Evaporation stations are maintained Ancon, Rio Grande,. and 
Brazos Brook Reservoirs, and three selected locations Gatun 
Lake, and seismological stations Ancon and Gatun. 
tidal records are kept Balboa and Cristobal. 

For purposes comparison, Table shows meteorological data from 
the three first-class stations the Canal Zone and from Government 
weather reports stations the United States and the Philippine 


= 

SEPTEMBER, FOR YEARS RECORD 
x. % 
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MEAN BI-HOURLY TEMPERATURE-RAINY SEASON 
FOR YEARS RECORD 
(PERIOD MINIMUM DAILY RANGE) 


Degrees Fahrenheit 


+ - 


AM. A.M. A.M. A.M. Noon P.M. 
*Culebra means include two years’ record Bas Obispo. 


MEAN BI-HOURLY TEMPERATURE-DRY SEASON 
FOR YEARS RECORD 
(PERIOD MAXIMUM DAILY RANGE) 


Degrees Fahrenheit 


AM. A.M. A.M. A.M. A.M. Noon P.M. P.M. P.M, 
Culebra means include two years’ record at_Bas Obispo. 


Note: Rainy Season, May to December, Inclusive 
Z| 
(4 Yrs.) 

82 Fa 
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TABLE 1.— METEOROLOGICAL CONDITIONS SELECTED STATIONS. 


MEAN RELATIVE MEAN TEMPERATURE, MEAN WIND MOVEMENT. 
pumber 
Station rainfall, rainy days DEGREES 
Max. Min. Max. Min. Max. Min. Max. Min. 
Philadelphia, 40.88 129 74.0 64.0 70.0 75.8 53.6 12.0 8.4 
Jacksonville, Fla............. 126 82.0 73.0 79.5 83.5 73.0 79.5 9.0 7.0 8.0 
Knoxville, Tenn.............. 135 72.0 56.0 65.0 76.2 87.5 57.4 8.0 4.7 6.2 100 
Cincinnati, 134 76.5 62.0 69.0 77.6 82.9 55.2 8.0 5.0 7.0 —17 
Cleveland, Ohio.............. 88.10 159 70.0 71.9 27.1 49.3 14.0 9.0 11.0 —18 
Marquette, Mich......... 160 82.0 71.0 65.0 16.7 49.9 11.0 8.0 10.0 108 —27 
81.5 67.0 75.0 49.9 10.8 5.8 8.6 106 —27 
114 80.0 65.0 72.0 11.9 8.8 7.1 8.1 
New Orleans, La............. 122 79.0 72.5 81.6 51.1 63.3 8.8 6.1 7.9 102 
Fort Sill, 67.0 70.5 89.5 81.1 60.8 9.0 11.0 109 —14 
Galveston, 104 85.5 76.0 82.5 53.6 69.8 12.0 10.0 
9.31 48.0 24.0 80.6 44.1 62.9 14,0 17. 10.0 
75.0 52.0 62.0 72.7 52.7 10.0 5.0 7.0 —12 
Salt Lake City, 71.0 52.0 75.5 29.0 51.4 7.0 4.0 6.0 102 —20 
San Diego, 9.56 80.0 73.0 77.0 68.7 54.0 60.6 101 
San Francisco, 86.0 80.5 59.3 51.0 54.9 6.9 9.7 100 +29 
Portland, 42.45 164 85.0 64.0 74.0 66.6 38.7 52.8 7.0 5.0 6.0 
CANAL ZONE. 
Ancon, 71.67 190 87.6 73.7 82.9 81.8 78.8 80.0 10.0 5.7 
Julebra, 90.95 223 90.0 76.7 85.4 79.0 76.9 78.0 4,2 5.4 
Cristobal, (9° 55” N.)....| 273 90.0 79.1 85.6 79.9 78.5 15.4 5.7 9.6 
PHILIPPINE ISLANDS. 
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TABLE 2.—SUMMARY METEOROLOGICAL DATA FOR THE CANAL ZONE FOR THE YEARS RECORD. 


| 


Ancon. Culebra. Cristobal. 
Average number rainy days... 190 223 273 
Mean rainfall (inches).. 71.67 90.95 130.08 
Maximum annual rainfall 91.42 (1901) 107.04 (1896) (1909) 
Minimum rainfall 45.58 (1882) 64.28 (1888) 86.54 (1884) 
42.50 Cristobal, November, 1909. 
Culebra. 
Mean relative humidity (Percentage) 
87.6 (November) 90.0 (November) 90.0 (November) 
Minimum 73.7 (March) 76.7 (March) 79.1 (March) 
Mean air temperature Degrees Fahrenheit). 
Maximum 81.8 (April) 79.0 (April) 79.9 (April) 
Mean hourly wind movement 
Minimum 5.7 (September) 4.2 (September) 5.7 (September) 
Extreme air temperature Degrees Fahrenheit) 
63.0 (January 27th, 1910) 59.0 (February 9th, 1907) 66.0 (December 3d, 1909) 


Rainfall records cover years Ancon, years Culebra, and years Cristobal. 
Humidity, temperature and wind records cover years Ancon, years Culebra, and years Cristobal. 


Culebra records include years Bas Obispo. 
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Evaporation the name the process which aqueous vapor 
taken from water surface and returned the atmosphere. 
condensation this vapor changed back into water, and precipita- 
tion the water again returned the earth, completing the so-called 
“meteorological cycle.” The prevailing winds, constantly blowing 
over large bodies water, keep the saturated vapor always moving 
on, and dry air behind flows in, taking turn its load moist- 
ure which carries land. When the elevation the land only 
little above water level, there formed vast blanket air thor- 
oughly saturated and ready for any disturbance cause drop 
its burden the form rain. the air moves away from the 
water surface, meets with more and more obstructions, the form 
hills and ridges, and them deflected upward into the colder 
areas. There, becoming condensed, the vapor falls earth the 
form rain. the regions steadily prevailing winds like the 
trades, the windward slope the mountain ranges the one more 
copious rainfall. 

The laws evaporation are probably very complex, and although 
much study and investigation have been given the phenomena, sat- 
isfactory conclusions have been reached yet which are applicable 
all The principal factors influencing evaporation are 
wind, temperature, and vapor pressure. region like the Canal 
Zone, where atmospheric temperature and pressure are exceedingly 
uniform, the effect the wind paramount importance causing 
variation the rate evaporation. The diagram, Fig. shows the 
relation between these factors for the years record the Brazos 
Brook station. The parallelism the evaporation and wind velocity 
curves especially noticeable, also the inverse relationship 
these curves and the lines monthly rainfall. The air temperature 
curve, which that the monthly mean, although very uniform, 
still indicates certain parallelism with the evaporation curve, while 
the opposite shown the curve vapor pressure. The diagram, 
Fig. shows graphically the number days which the evaporation 
Rio Grande Reservoir and Brazos Brook Reservoir have exceeded 
stated quantity. From these curves appears that the mean daily 
evaporation for dry-season conditions about in. per day, arid that 
this rate only exceeded for about days. This rate means lower- 
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“Cristobal 
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2 Ancon Since the installation of the 
Automatic Register. Cristobal 
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ing the lake about 1.7 ft. during the entire dry season, with 
allowance for increase rainfall the surface. The high rates are 
recorded for short in. and more for days, and in. per 
day for about days. The average evaporation for the rainy months 
about 0.11 in. per day, and during this period the rate exceeded 
only about 120 days. 

Regarding the loss water from the lake trees growing the 
shallow portions, has been found experience that all standing 
timber now growing lands which are submerged will killed 


+ 85 


OBSERVATION PAN, 4 FEET IN DIAMETER, FLOATING IN BRAZOS BROOK AND 
RIO GRANDE RESERVOIRS, 


YEAR 1910. 
Curved lines show number of days that evaporation has exceeded a given 
quantity. Full line represents values for Rio Grande. Dotted line represents 
values for Brazos Brook. Horizontal lines represent mean daily evaporation 
©= Brazos Brook Observations 
X= Rio Grande a1 
Area Gatun Lake(E lev. Sq. Miles. 
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the water after years, and large area, approximately that 
the lake itself, will then relieved what must very large 
draft necessary for the support this vegetation. Attention was first 
called this gain Gatun Lake Lieut.-Col. Hodges, 
Am. E., Assistant Chief Engineer, Isthmian Canal Com- 
mission.* 

The diagram, Fig. shows the monthly evaporation values for 
Brazos Brook and Rio Grande Reservoirs, and Table may 


his discussion the paper entitled Water Supply for Lock Canal 
Julio Sorzano, Am. Soc. E., Transactions, Am, Soc. E., Vol. LXVII, 97. 
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TABLE 3.—EVAPORATION 


1907 1908, 


Tank floating lake; diameter. Insulated tank, protected from direct rays 


found the monthly values for all stations. Evaporation measurements 
were begun the Isthmus 1907, and have been continued since. 
The best values are being obtained from copper pans, ft. diameter, 
floating Rio Grande and Brazos Brook Reservoirs and Gatun 
Lake. these stations the evidence being made approximate 
nearly possible the conditions extensive water surface 
fairly exposed all conditions. Fig. Plate (from 
Annual Report, C., 1910-11), shows the evaporation apparatus 
Rio Grande Reservoir, which similar those use Brazos 
Brook and Gatun. 

order obtain some data regarding the relative quantities 
evaporated day and night, series readings were taken 
different stations, and the results appear Table has seemed 
desirable obtain some information the relative evaporation that 
will take place various parts the lake due the differing con- 
ditions which will exist along the shore. order investigate this 
matter, three 4-ft. floating pans were placed Gatun Lake such 
locations seemed cover the various conditions anticipated. 
Pan No. was placed exposed location about 1000 ft. south 


THE CANAL ZONE, INCHES. 


GRANDE +CRISTOBAL +ANCON *CRISTOBAL, 


sun; 10in. diameter. Concrete tank, ft. diameter, ft. deep. 


the dam and equal distance from each shore other obstruction. 
This exposure was intended represent ordinary conditions the 
open lake. Pan No. was placed among the trees what had been 
considerable forest, but which was now partly submerged the 
rising waters the lake. located about 500 ft. from the edge 
the forest, several trees being felled order that the records might 
not affected rain dropping from the leaves. Pan No. was placed 
the center area tall water grass, about acre extent. 
Such growth this will very frequent along the shallow portions 
the shore. the last two exposures appears that the action 
the wind very great factor determining the quantity evapora- 
tion. also demonstrates that action the shore growth will 
that wind-break, and that the evaporation figures based data 
collected from exposed locations are the safe side, that is, probably 
they will give too great evaporation. Table shows the results 
obtained since the installation the pans. 

The equipments Rio Grande, Brazos Brook, and Gatun consist 
the following measuring instruments: 

copper pan, ft. diameter and in. deep, floating the 


ea ¢ 


water, for evaporation; anemometer, for wind movement directly 
over the evaporation pan; rain gauge, for rainfall; thermometer, 
for water temperatures, and maximum and minimum thermometers, 
exposed instrument shelter the regular type located the 
shore close by, for recording the air temperatures. 

The evaporation pan set light wooden frame, properly 
buoyed, which serves keep the top the pan above the surface 
the water the lake, well prevent occasional waves from 
splashing over into the pan. The pan rests with its bottom and sides 
submerged the water, thus insuring that the temperature the 
water within the pan all times will very close that the 
water the surface. The float located considerable distance 
from shore, for the purpose getting exposure which represents 
actual average conditions. 

sharp-pointed, copper-wire index set the center the pan and 
inside perforated copper cylinder still-box which serves reduce 
the wave motion the surrounding water, and thus permits more 
accurate readings the daily evaporation. The index point in. 
below the top the pan, and follows that the usual height the 
water the pan also approximately in. below the top. This 


arrangement necessary prevent the overflow the pan during 


heavy rains. 


TABLE 4.—EVAPORATION RECORDS FOR PANS FLOATING 
GATUN LAKE. 


Monthly Values. 


Pan No. Pan No. Pan No. 


| —. 
a | oz - | oe 
1911 
16.48 3.86 2.80 17.65 0.97 2.41 17.89 2.48 
7.20 5.90 4.56 1.47 7.88 2.78 
8.19 4.74 4.41 6.77 0.86 8.07 8.37 
4.83 5.02 4.58 7.10 1.04 6.96 
October ......... 16.85 4.11 16.62 0.68 15.21 8.00 


record for the first days May. 


PLATE 
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ANCHORAGE AND GAUGING CAR, ALHAJUELA. 
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TABLE 5.—EVAPORATION CANAL ZONE. COMPARATIVE VALUES 
FOR DAY AND NIGHT. 


1909. 

Month Ancon. Cristobal. Ancon. Cristobal. Cristobal. 

i=) Z, Q Zz a Z i=) Zz Z 


months, Cristobal, months, 1911. 
Readings taken 8.00 and 8.00 daily. 
Mean all observations, 59% day and 41% night. 


The pan set bringing the surface the water exactly the 
level the point the copper index. When the evaporation measure- 
ments are made hours later, there has been rainfall, the 
surface the water the pan will found below the index point. 
The quantity water necessary raise the water surface the 
level the index point carefully measured and poured into the pan. 
This quantity water, expressed thousandths inch over the 
surface the evaporation pan, equals the evaporation for the previous 
hours. When the rainfall during the day has exceeded the evapora- 
tion, the surface the water the pan will found above the point 
the copper index. The excess water must removed from the pan 
and measured. this case the difference between the rainfall and 
the quantity water removed from the pan, expressed thousandths 
inch, equals the evaporation for the ‘previous hours. When 
rain occurs during the day, but less than the evaporation, the 
sum the rainfall and the quantity water poured into the pan, 
expressed thousandths inch, equals the evaporation. The 
water poured into removed from the evaporation pan measured 
copper measuring tube having exactly the cross-section 
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area the evaporation pan. Depths are measured with the regular 
rainfall measuring stick, graduated inches and tenths; in. the 
measuring tube represents in. over the surface the evapora- 
tion pan. 

Table shows the quantities evaporation, day and night, 
that have been recorded the several stations the Canal Zone, 
together with the relative percentages. The mean the entire series 
59% day and 41% night. 

Besides the direct loss due the run-off evaporation from water 
surfaces, large percentage the rainfall still unaccounted for, 
which aptly called “retention” Professor Mead,* Am. 
Soe. E.; part this used vegetation and transpired the 
leaves, part retained the ground and returned the stream 
periods low rainfall, and portion permanently lost the water- 
shed either deep percolation or, sometimes the case, meet- 
ing permeable stratum which conducts another basin. This 
latter cause, however, usually relatively unimportant, but should not 
overlooked the examination water supply. the Gatun 
Lake Basin, due the practically impervious argillaceous sandstone 
and other rocks similar character which appear underlie the 
entire lake area, permanent loss water the basin probably 

“too small for any consideration, and neglected hereafter this 
paper. The following shows the portion the rainfall unaccounted 
for certain northern streams: 


Portion rainfall 


Rivers, unaccounted for. 
Wisconsin, Wis.............. 


his treatise water supply engineering, the late Fanning, 
Am. E., has given values from investigations Emdrup, 
Denmark, from which the following deduced: 


Streams and the Factors that Modify It,” Bulletin, Univ. Wisconsin, 
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Mean Ratio water 
evaporation. evaporation. 


Water surfaces, evaporation 


From Bradmore’s “Hydrology.” 

England, Lat. 53° 30’ 

Cumberland, England, Lat. 54° 34’ 


Investigations Risler concerning the quantity water required 
for different crops* are tabulated below, and give the 
tion water for various crops: 


Mr. Tweeddale states his opinion that cereals and grasses, from 
seed time harvest, will take up, respectively, from in. 

his report water supply, Mr. Vermeule has used the 
following factors for the water required various crops one grow- 
ing month: 


Crop. Inches. 
Forest (oak and chestnut)........... 1.2 


Quoted Tweeddale, Kansas State Board Agriculture, December 1889. 
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Crop. 


investigation work Pomona, Cal.,* the following duty has 


been required the water used various crops for the average year 
(1906-09) 


Citrus fruits (oranges and lemons)............ 2.94 ft. 
Deciduous fruits and miscellaneous crops...... 2.58 


While these figures not show the quantity water that similar 
crops would use were they entirely dependent natural supply, they 
the relative quantities that such crops demand for the 
best conditions, and the quantity they might use were available. 
The depth water used apple orchard Wenatchee, 
Wash.,+ was found in. during the year, the trees being years 
old and producing heavily. Mr. Samuel states that the results 
experiments have shown that, where water applied the surface 
orchard soils, the evaporation very great long the top layer 
remains moist. Even light irrigation, the loss hours after the 
water put may amount from 20% the volume applied. 
Mr. McLaughlin,§ discussing the irrigation grain, states 
that always safe assume that the ranker the growth straw 
the greater will the quantity water required. also says that 
the total depth water applied grain crops the older lands will 
vary from ft., depending the porosity the soil and the 
climate the place, average depths and ft. representing the 
quantities required, respectively, cool and warm climates. Field 
peas|| average irrigation season days are shown have 
required about 4.7 in., about 0.112 in. per day. 

The foregoing figures, while not exact, and applying crops and 
conditions elsewhere and under different climatic conditions, are never- 
theless instructive obtaining some idea the quantity water 
which must required the rank and lush vegetation this 


Bulletin 236, Office Exper. Station, Dept. Agriculture, 87. 
Farmers’ Builetin Dept. Agriculture, 26. 

Farmers’ Bulletin Dept. Agriculture, 28. 

Farmers’ Bulletin 399, Dept. Agriculture, 18. 

Bulletin 72, Wyoming Experiment Station. 
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tropical country. With all its heavy precipitation, were not for the 
steep hillsides, and consequent quick discharge the waters, doubt- 
ful the ratio run-off rainfall might not even less here than 
countries where the rainfall smaller but the vegetation less 
luxuriant. 

Oppokov* states that marshes are detriment the drainage 
area water supply system. ordinarily thought that such areas 
are valuable for the storage water the rainy season, and that 
during the dry period they allow gradual discharge, which increases 
the stream flow. studied the features the Dnieper and 
adjoining rivers, Mr. Oppokov believes that his investigations prove 
there intensified evaporation from marsh areas periods drought, 
which not infrequently results the total drying out -the marsh. 
These areas then act great sponge for the absorption subse- 
quent precipitation and seepage waters from the uplands, and cause 
decreased returns the waters the rivers, the run-off being actually 
lessened thereby. 

the case the Gatun Lake water-shed, there will probably 
increase run-off when the swamp areas are eliminated sub- 
mergence. Under present conditions, these areas annually absorb 
large quantities the rainfall make for the depletion caused 
evaporation and plant necessity. After submergence, the trees 
and other vegetation will die off, and the ground will become saturated 
once for all. Subsequent rainfall will then available for lake pur- 
poses. Such conditions will especially appreciated during periods 
light rainfall, when the demands vegetation are greatest. 

The fact that considerable rainfall may occur with little run-off 
from basin overgrown with vegetation, and that the daily evaporation 
from water surface relatively small comparison with the pre- 
cipitation, indication that the available run-off will increased. 
river regulation and the prevention floods, this condition might 
present entirely different aspect than when applied the conser- 
vation the water. The well-sustained run-off from the area above 
Alhajuela due, not only its large rainfall, but probably also 
the absence swamps with their shallow storage, presence 
extensive limestone formation. This latter undoubtedly allows 
the deep storage large quantities water during the rainy season, 


Russ, Jour, Expr., Landau, 1910, pp. 369-372. 
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which, the dry season proceeds, given off for the benefit river 
discharge. The swamp and the limestone storage, although both 
classed underground, distinguish them from surface water, are 
nevertheless entirely distinct their tendencies. The former 
shallow and readily affected the agencies producing evaporation, 
including plant demands; the latter, deep and far removed from the 
surface losses, all available for stream flow, can but find 

excellent example this latter condition found lime- 
stone cliff overhanging the Chagres River above Alhajuela. 
nearly perpendicular wall, more than 100 ft. above the river surface, 
and having length more than 500 ft. This whole surface, more 
less covered with moss and clinging vegetation, constantly and 
copiously dripping with water during the entire year. The contour 
surveys and explorations have shown that there are extensive swamp 
areas the Chagres River Basin above Elevation 60, and seems 
fair presume that, when the lake has reached its final elevation, 
hydrographic conditions similar those now observed for the area 
above Alhajuela will elsewhere, modified local 
rainfall, 

The geological and topographical investigations which have been 
made the lake area and its drainage basin seem give assurance 
exceedingly favorable conditions for the collection the water 
supply and its conservation. The lower part the Chagres Basin, 
has been stated, underlaid argillaceous sandstone, and this 
the principal constituent the ridges bordering the lake. Nearly 
the entire bottom the lake, about Elevation 30, covered 
with deposit alluvium, which also practically impervious. This 
cover, about miles extent, and varying thicknesses several 
hundred feet, presents additional safeguard against bottom seepage, 
and the place where, needed all, will most service, 
namely, the deepest parts the lake. Above this impervious cover- 
ing found the residual deposit overlying the impervious argillaceous 
sandstone from which was derived. The characteristics this 
surface layer are its more less claylike nature the extreme surface, 
and its sandy and less cohesive structure approaches the solid 
rock. The nature this argillaceous sandstone crumble and 
break down fine clay where mostly exposed the weather, the 
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particles becoming larger and more firm with distance from the surface. 
The result this quality that there extensive layer more 
less open structure overlying the impervious rock, capable 
storing large quantities water, and well protected from surface 
evaporation. From this layer comes the well-sustained flow that 
appears many streams during periods when there little 
rain. This formation also gives additional storage capacity the 
lake, that demands will honored excess visible storage. 
Such condition has been found the case the Rio Grande Reser- 
voir, and will commented later. What-this storage may 
unknown present, and can only determined after the lake filled. 
This quantity should not considered calculations affecting the 
water supply, but should left asset applied any losses 
which may have been overlooked under-estimated. 


The cause rainfall found the operation certain 
general principles physics, but influenced more less local 
conditions. Rainfall due the precipitation the water vapor 
the atmosphere which has been derived primarily from the ocean 
the process evaporation. matter how far this vapor may 
driven the winds, the course time the water returns again 
the ocean. Evaporation takes place from the surface every body 
water, from the ground, and from vegetation. Whenever for any 
cause the moisture-laden air cooled, condensation and consequent 
precipitation take place. 

According Curtis, three different processes are primarily con- 


cerned the production rain, acting either singly combina- 
tion. These factors are: 


1.—Convective currents; 

2.—Hills and mountains which cause deflection atmospheric 
currents; and 

circulation. 


The Isthmus Panama that portion the globe where the 
influence convection very great, but where cyclonic disturbances 
are almost absent. Currents due convection heat are nearly 
vertical, and moisture evaporated region exposed these con- 
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ditions will largely precipitated before being carried far away. 
Increased evaporation, therefore, will followed increased rainfall, 
and any change that increases decreases the former will followed 
corresponding change the precipitation. there are 
mountain ridges the slopes which obstruct and deflect upward the 
prevailing winds, there also will found well-watered country and 
perennial streams. effective this cause producing rainfall 
that frequent occurrence find luxuriant vegetation the 
windward side mountain range while the leeward side dry and 
parched, and with meager growth. Although not extremes, such 
conditions these are found the Canal Zone, with its in. 


DISTRIBUTION RAINFALL 
ALONG CANAL LOCATION 
ANNUAL RAINFALL 


Stations. 


11. 


precipitation the Coast and its 130 in. the 
which are averages long-period records. 

The conditions rainfall following excessive evaporation this 
region are best shown the basin above Alhajuela. There, the 
high mountains, the moisture-laden winds from the north and west 
are forced drop their loads. Along the Canal Zone and the south- 
west, the ridges are much less elevation, and therefore not much 
disturb the direction the wind. The results these conditions are 
found the run-off Alhajuela, with its well-sustained flow, and 
Trinidad and Cafio, with the opposite conditions. 

The distribution rainfall across the Isthmus shown Fig. 11. 
Culebra, with its annual average in., the limit the wind- 


190 
170 
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ward slope, and its rainfall, averaged with that Cristobal and Gatun, 
gives rough approximation the rainfall conditions north the 
divide and over the area which will lie Gatun Lake and its drainage 
area. the southerly leeward side the ridge the rainfall aver- 
ages about in. annually, less than three-fourths that the 
windward side. Due other local conditions, however, the actual 
rainfall the Gatun Basin larger than these mean values and 

Records rainfall have been kept the Isthmus Panama the 
vicinity the Canal Zone for long periods several the stations. 
Table gives the stations which have been operation for years 
more, the length record, and the probable accuracy the record 
basis for prediction the average conditions which may 
expected the future. 


Length Probable Length Probable 
Station. record, error. Station. record, error. 
years. Percentage. years. Percentage. 

Cristobal......... Panama (Ancon). 7.00 


The figures Table for probable deviation from the actual 
average agree substantially with those given Mr. Binnie, and 
quoted Mr. Rafter.* 

his report the “Influence Forests Stream Flow,” Lieut.- 
Edward Burr, Am. E., Corps Engineers, A., 
states his deduction that years more climatic records are 
necessary from which draw satisfactory conclusions, and that those 
drawn from records years less will probably misleading 
incorrect. Col. Burr’s conclusions regarding length records neces- 
sary for basing estimates are therefore substantially accord with 
the similar deductions Messrs. Binnie and Henry, mentioned pre- 
viously. From examination the curve, Fig. 12, appears, how- 
ever, that the probable variation from normal, records from 
years, such small amount that errors due observation and 


Water Supply and Irrigation Paper No. 85, 18. 
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TABLE THE 
Average Quantities for 


Pedro 1.64) 1.25) 2.89) 2.88) 6.49) 12.16) 18.65 


the application the data from few stations large area may 
somewhat offset the accuracy presumed for longer records. 

Fig. shows graphically the annual rainfall for five stations 
having the longest records, and Fig. shows the comparative monthly 
distribution for several stations, including those recorded Fig. 13. 
Table gives the mean monthly and accumulated quantities for each 
station. 

the rainfall stations now operated, are supplied with rain 
gauges the Weather Bureau standard pattern, have auto- 
matic gauges the tipping-bucket type, and have 14-day automatic 
gauges Dutch make. The latter are located isolated positions, 
where daily attendance impracticable. 

The Weather Bureau standard rain gauge consists hollow metal 
cylinder, in. diameter and in. high, made two sections, 
receiver for catching the rainfall and 8-in. overflow tank for storing 
any water that may accumulate excess the quantity required 
fill the measuring tube. The receiver leads funnel the copper 
measuring tube, approximately in. diameter, placed inside the 


IsTHMUS PANAMA, INCHES. 
the Years Record. 


JUNE. SEPTEMBER.| OcTOBER. NOVEMBER. DECEMBER. 

28.92 52.23) 14.16) 6.61 84.49 


— 
o 
© 
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8-in. cylinder. When the measuring tube has become filled, the water 
allowed overflow into the larger cylinder, whence drawn off 
later and measured. The two cylinders are proportioned that the 
measuring tube has exactly one-tenth the cross-section area the 
receiving cylinder, therefore in. depth the measuring tube 
represents 0.01 in. rainfall. The quantity rainfall obtained 

measuring the depth the smaller cylinder with graduated stick, 
turning back into the smaller cylinder any rain which may have 
overflowed into the larger one. 

The tipping-bucket gauge more complicated design. 
composed metal cylinder, in. diameter, open the top, and 
about in. high over all. Inside the brass bucket 
balanced, having two compartments the same size and shape. The 
bucket adjusted tip when quantity water equal in. 
over the area the receiving cylinder has accumulated, and spill the 
contents into the cylinder, where can measured with stick 
check. The bucket connected electrically with register 
revolving drum which wrapped sheet paper graduated 
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hour- and five-minute periods. Every tip the bucket registered 


the paper pen pencil, and each mark represents in. 


rainfall, automatic record obtained the time the storm 


begins and ends, while the number marks gives the total quantity 
and the rate downpour given time. 


The Dutch gauges are somewhat similar construction, except 


that there electrical connection, the entire gauge and recording 
devices being contained the same 
measurements, the standard 8-in 


account direct 
rain gauge considered the most 
reliable indicator the quantity precipitation. order obtain 


RELATIVE ACCURACY 


RAINFALL RECORDS AND PROBABLE VARIATION 
BETWEEN ACTUAL MEAN AND THAT CALCULATED 


& Based on data from paper by A.R.Binnie, Minutes of Proceedings, 2a 
ae Inst. C. E., Vol. CLX (1892), and quoted by G. W. Rafter, 
E M. Am. Soc. C. E., Water Supply and ee Paper No. 80. ep | 


Percentage error between actual and calculated mean. 


12. 


some idea the reliability the automatic gauge, standard gauge 
(8-in. diameter) and automatic gauge (12-in. diameter), were 
located side side and daily readings were taken during August and 
September, 1910. During August, 95% the measurements the 
two gauges agreed exactly, and the remaining were only slightly 
variance with each other. The total monthly rainfall stick 
measurement was the same both gauges. During September, 93% 
the measurements agreed exactly, while the total monthly rainfall 
the standard gauge equalled 101% the total the tipping-bucket 


Annual Rainfall, Inches, 
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gauge. appears that the records from these two gauges agreed 
about closely would the records two gauges the same type 
exposed side side. 

Like all devices, records are only reliable 
when the instruments receive proper care and attention, and when 
their peculiarities are known and accounted for. Some investigation 
was made the relation between the quantity recorded the register 


RECORDED THE ISTHMUS FROM JANUARY, 1906, 


PERIODS VARYING DURATION FROM 


= 
#-Bohio 
Bello 
Period,in Minutes Hours 
14. 


and the actual collection indicated stick was 


found that the ratio depended largely the quantity and character 
the rainfall. For light and slow rains, the automatic registration 
accorded closely with the stick measurement, but for heavy rains, 
marked deficiency record appeared with the automatic registers. 
This loss was due appreciable quantity water which pours 
into the tipped bucket while tipping. bucket, therefore, 
over-filled, and, only in. recorded for each tip, all the water 
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flowing down the funnel not measured. The deficiency the auto- 
matic record was found vary from less than much 
10%, exceptional cases. There are other factors, also, which con- 
tribute defective registration, among which are lack care 
leveling the gauge when setting, insufficient lubrication the 
moving parts, weak battery power, and poor contacts the electrical 
connections. The records Table are given indication the 
foregoing conditions. 


TABLE 
CONDITIONS. 
Gauge Stick Percentage 
Date. Gauge. record. registered. 

April 25th, Culebra automatic...... 2.77 2.84 
April ..|Rio Grande automatic. 8.12 100 
Worst CONDITIONS. 
April 4th, 1911...... Balboa automatic....... 1.28 in. 1.28 in. 
April 24th, Empire automatic...... 


The trouble the Balboa and Empire gauges was investigated and 
the latter case was due improper adjustment the 
ratchet wheel; the former was due defective leveling. These 
errors are not the fault the instrument, but carelessness, inattention, 
ignorance would fail detect them, and the records would mis- 
leading. this account the total quantity rain caught the 
gauge always measured stick, and this reading used the 
records. The automatic record used only find the time the 
shower began and ended, and determine the rates downpour during 
various periods. 

was desirable get rainfall records from isolated locations, 
where daily attention was not practicable and where the expense 
long-period gauge was not warranted, some investigation was made 


—= 
HYDROLOGY THE PANAMA CANAL [Papers. 


the loss evaporation from standard rain gauge the readings 
were taken intervals weeks longer. During November, 1910, 
the rainfall was allowed accumulate the standard rain gauge 
Culebra, measurements being made the 15th and 30th the month. 
The total monthly rainfall standard gauge showed quantity slightly 
excess the total the tipping-bucket gauge, which was close 
by, the collections which were measured daily stick before dump- 
ing. other words, the nightly accumulation from dew and fog 
the standard gauge more than equalled the evaporation during the 
day. seems, therefore, that semi-monthly measurements the 
accumulation gauge during the rainy season will 
give the total monthly rainfall with fair degree accuracy. 
account the construction the standard rain gauge, its contents 
are well insulated from the effects solar radiation until the inner 
tube filled, the capacity the latter being equivalent in. 
rainfall, and, therefore, seems that fairly reliable results may 
obtained during the dry season visiting the gauges only necessary 
two three times month. 

regard the collection from dew and fog, appreciable 
quantity moisture gathered night over the receiving surface 
rain gauge. This, however, enters only occasionally into monthly 
tables, because, there has been rain during the night, the moisture 
which has gathered the automatic register thrown out the 


observer the morning unmeasured. The only time this quantity 


does appear when rain has fallen, and then impossible 
separate the precipitation from the two sources. The nightly accumu- 
lations from fog and dew are greatest during foggy and clear nights 
and least during cloudy nights. The quantities range from zero 
much 0.01 in. for night. The average for the rainy season 
estimated about 0.005 in. per night, 0.15 in. per month. This, 
course, does not mean that there equivalent 0.15 in. 
rainfall over the whole land surface from fog and dew; merely 
means that the thin metal surface the rain gauge has cooled rapidly 
outward radiation, that the warmer air coming contact therewith 
has been suddenly cooled, and the vapor condensed and precipitated 
the surface the gauge. 

order get information concerning rainfall conditions the 
heads streams, three 14-day automatic rain gauges, manufactured 
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Holland, were purchased. These gauges have now been operation 
more than one year, and the following notes are submitted regarding 
their value securing automatic rainfall records interior points 
which cannot visited except infrequent intervals. 

The clocks which actuate the drums these registers were designed 
run days without rewinding, but experience has shown that they 
cannot depended this climate for periods more than 
days. Thus has been found necessary visit these gauges least 
three times month. 

The drums are driven such slow speed that during heavy rains, 
frequent tropical countries such the Canal Zone, the bucket 
tips fast that the record blurred and the individual tips cannot 
counted. The blurred and indistinct character the record makes 
always difficult and times impossible determine accurately the 
quantity rain falling during heavy showers. 

Certain parts the registering apparatus have been found get 
out order readily, and various parts deteriorate rapidly from rust 
and other causes when exposed the climatic conditions obtaining 
the Isthmus. When parts these gauges become worn broken, 
very difficult, not impossible, secure new parts replace 
them, neither the gauge nor any its parts are manufactured 
the United States. If, however, standard gauge placed the 
side the 14-day automatic gauge, check, possible get 
daily automatic records dependable accuracy. 

Long-continued rain storms extending over large area are infre- 
quent occurrence the Canal Zone. The rainfall usually the form 
showers limited extent, and has been found that the topography 
the location the rain gauge are most important factors 
getting correct results. investigate this matter somewhat, records 
from set four gauges located Empire were compared. These 
gauges are placed almost straight line northeast and southwest, 
and across the valleys the Obispo and Camacho Rivers from hill 
hill. the east side the Canal not far from the Empire 
suspension bridge, about Elevation 190. No. the permanent 
gauge from which the official records are taken, and about 1000 ft. 
southwest No. and top hill, Elevation 330, the west 
side the Canal, not far from the Division No. about 
ft. southwest No. and the corral yard, Elevation 220, 
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most excellent exposure. No. Camacho Reservoir, Elevation 
370, and about 4600 ft. southwest No. Gauges Nos. and 
are the valleys, while Nos. and are the hills, but the extreme 
difference elevation not more than 200 ft. Table shows the 
records, inches per month, obtained from these gauges: 


Month. No. No. No. No. 
6.96 5.98 8.50 7.98 
September........... 5.97 5.46 6.97 
15.87 14.97 18.05 18.81 
DIAGRAMS 
LIMITING MAXIMUM RAINFALL 
ACROSS THE ISTHMUS 
3 
25 
ow 
a ~ 
2 = 2 
0 6.8 15.3 21.4 23,3 31.0 34.9-35.9-36.9 40,2 47.1 
15. 


From inspection, seems possible that the annual rainfall hitherto 
recorded Empire may from 15% too low. Table gives 
information similar character, but mostly illustrating the limited 
extent some these tropical downpours. The records were obtained 
from Gatun and stations the vicinity during heavy rain May 
23d, the distances given being air line from Gatun Evaporation 
Station No. Evaporation Stations Nos. and are 
located the surface the water Gatun Lake.) 
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TABLE 10. 


Rainfall, Air line distance, 
Station. inches. Direction. 


Gatun Station No. 4.05 0.00 Origin. 


diagram, Fig. 16, shows the frequency heavy downpour 
both sides the Isthmus. will seen that the heaviest rains 
occur the Atlantic side, and that there, too, are found the least 
number _days without any rain all. This diagram represents 
average 


Inches Rainfall. 


100 110 120 130 140 150 160 170 180 190 200 
Average number days per year with precipitation above given quantity. 
16. 

Storms giving greater precipitation than 6.00 in. the Atlantic 
4.50 in. the Pacific side hours are infrequent occurrence. 
During the years (June, 1906, July, 1911), there have been 
storms which the precipitation has exceeded 4.00 in. these, 
have had precipitation not more than 5.00 in., and not 
more than 7.50 in. rainfall each the remaining storms was: 
one not more than 8.00 in., one not more than 8.50 in., four not more 
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COMPARATIVE MONTHLY DISTRIBUTION PRECIPITATION 
Average for-Period ending Jan. 1910-Years Record 


Cristobal Gatun Bohio San Pablo 
years. 


Inches. 


a 
Inches. 


Gamboa Culebra Ancon Alhajuela 
years. years. (Panama) years. 


years. 


17. 
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than 9.00 in., and two not more than 11.00 in. During this period the 
rainfall the Pacific side has exceeded 4.50 in. one more stations 
six different dates, average little more than once each 
year. the Atlantic side the rainfall has exceeded 6.00 in. one 
more stations fifteen different dates, average about three 
times per year. appears, therefore, that rainfall in. hours 
not infrequent occurrence during the year, and that twice 
years downpour from 10.50 in. may expected. Fig. 
graphical representation the extreme maximum limits rain- 
fall during the years record. 


MONTHLY RAINFALL SELECTED STATIONS FOR YEARS RECORD 


Inches Rainfall 


Feb. Mar. Apr. May June July Aug. Oct. 
18. 


Nov. Dec. 


Fig. shows the average monthly rainfall four stations having 


long-time records. These stations indicate such conditions are found 
from ocean ocean across the Isthmus, and show that even the so- 
called dry season there appreciable rainfall. The 
diagrams, Figs. and 20, show, respectively, the maximum and mini- 
mum monthly precipitation for the years record for the stations 
mentioned above. The greatest quantity recorded the Zone was 
Colon November, 1862. Quantities exceeding this, however, were 
recorded Porto Bello 1909, where 45.03 in. fell November and 


q 
\ 
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58.17 in. December. The total annual rainfall for this station 
1909 was 237.28 in., which the maximum record the Isthmus. 


1905, June 30TH, 1911. 


Maximum RAINFALL. 


Stations. 
o o 
Date. Date. Date. 
a 
Ancon, 
alboa. 
(June 10th, 1906)...... 0.63 |Aug. 5.86 7.57 16-17, 1906. 


Pedro Miguel. 


(January ist, 0.60 11, Aug. 27, 4.56 30-Oct. 
Rio Grande, 


(December 29th. 0.75 24, 2.74 |Apr. 25, 6.00 2-3, 1906. 
Culebra, 


Empire, 
Gamboa, 


(November 18th, 0.59 |July 27, 3.32 |May 11, 6.56 2-3. 1906. 
Alhajuela, 


(March 1907)..... 0.60 |July 20, 3.40 |Dec. 28, 8.19 1906.* 
San Pablo, 


(November ist, 0.60 29, 3.10 29, 5.14 11-12, 1909. 


ohio, 


1905)....| 0.67 16, 4.51 |Aug. 8.85 7-8, 1908 


(August 24th, 1907)....| 0.61 16, 3.82 |May 26, |Dec. 1906.* 
Cristobal, 


(October ist, 0.64 |Aug. 25, 1909 4.90 8.53 2-3, 1906. 
Bello, 


(May 0.64 |Aug. 3.77 |Aug. 1908 28-29, 1909. 


Nore.—Dates parentbeses under station names refer installation automatic 
rainfall registers. 


automatic record these dates. Total for hours ending voon. 

Maximum rainfall for any consecutive hours. 

Table may found the record the maximum rainfalls 
the Canal Zone, October 1905, June 30th, 1911, for periods 
min., hour, and hours. The curves Fig. show the relative 
distribution excessive precipitation with relation geographical 
location. Table gives the periods maximum rainfall for Cristobal, 
Gamboa, and Bohio. 

Table compiled from the reports the Weather Bureau, 
and given for the purpose showing the mean monthly rainfall 
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MAXIMUM MONTHLY RAINFALL SELECTED STATIONS FOR YEARS RECORD 


Years of Record;- Ancon 
Culebra 


Bohio, 16 “ 
Cristdbal 40 


ote:- Year maximum rainfall 
for each month the 
stations entered 


~ 


= 
= 
is} 


Jan. Feb. Mar. May June July Aug. Sept. Oct. Nov. Dec. 


19. 


MINIMUM MONTHLY RAINFALL SELECTED STATIONS FOR YEARS RECORD 


Inches Rainfall 


) 


Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec. 


Fig. 20. 


(18R2) 
spo 
909) 
ristobs 
— 20a] 
5 
(1897) 
900 
(1899) (1879 
The minimum monthly rainfall. 
for years|indicated below :- 
11 Month,| Station; Years 1899) 
Ancon 1882, 1901, 
9 = Culebra|__ 1885, 1887, 1900, 11902, 19 AN 1908 
4 N Ancon 
Note:- Years of for each 
nonth at the several station 
879) 
| — (isso) (1900) 
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selected stations covering geographically the whole the United 
States: commonly believed that the rainfall the Isthmus 
and the tropics generally very much heavier than the United 
States and the temperate zone. There are several areas, however, 
different parts the United States, where the average annual rain- 
fall equals exceeds that certain parts the Isthmus, and this 
especially noticeable when compared with the Ancon (Panama) records. 
The average and maximum annual rainfall records few selected 
stations are given Table 14. 

The line between the dry and rainy seasons neither constant nor 
clearly marked. some years the dry season begins early the 
middle December, and others not until toward the end Janu- 
ary. The season usually begins early the Pacific side, and 
the Atlantic side has tendency lag considerably behind. This 
accounts for some the freshets the Chagres during January and 
February, when conditions the interior not seem warrant their 
occurrence. During the first months the rainy season, the rain 
comes heavy local showers, and the downpour usually short 
duration. November and December, rains more general 
character occur, which cover wide areas and times have duration 
hours more. The intensity precipitation, however, 
much less than that the local showers the preceding months. 

Summarizing partly, from Table 11, “Maximum Rainfall the 
Canal Zone,” Table shows the stations which recorded the extreme 
limits. 

has been stated previously, severe rainstorms general distri- 
bution are not frequent the Isthmus. The storm December 
and 3d, 1906, was the heaviest record the Canal Zone. This 
storm produced one the greatest the Chagres River freshets, 
and interrupted work for very considerable period, besides bodily 
damaging the railroad and other works. The quantities recorded 
are given Table 16. 

Table shows that, rule, the heavy downpours are ex- 
tremely local character, and examination the records indicates 
this condition during showers recent occurrence. 

connection with what has been stated regarding the quantity 
rainfall, may interesting note that the location the 
heaviest known rainfall the world the district Assam, 
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(Consecutive Periods—Calendar Months.) 


inches. 


| 


February, 
1885, 


Jan. 


Period. 


Jan. Apr., 1885, 


Sept., 
Aug., 
July, 
June, 1884, 
June, 
June, 1882, 
June, 1881, 
May, 1898, 
1898, 
1898, 
Aug., 1898, 
July, 1897, 
June, 1896, 
June, 1896, 
May, 1896, 
Nov., 
Jan., 1895. 
Jan., 1898, 
Aug., 1892, 
July, 1891, 
Jan., 1891, 
Nov., 1890, 
Jan., 


May. 1885 
April, 1903 
July, 1904 
July, 
July, 1906 
June, 1906 
1906 
May, 1907 
April, 1908 
Oct., 1908 
Dec., 1908 
Dec., 1907 
July, 
June. 1908 
Dec., 1908 
1909 
Dec., 1908 


Note:—Length rainfall 


Amount, 


Feb. April, 1905, 
Jan. April, 1907, 
Dec., April, 1908 
Nov., 1907, April, 
Dec., 1902, June, 1908 
Dec., 1902. July, 
Dec.. 1902, Aug., 
Nov 1902, Aug., 1908 
June, 1904, April, 1905 
May, 1904, April, 1905 
June, May, 1906 
June, 1904, May, 1907 
May, April, 1908 
June, 1902, May, 1907 
May, 1902, April, 1908 
Feb., 1902, Jan., 1909 
Jan., 1901, 

r., 1899, 
Mar., 1899, 
Feb., 1898, 
1897, 


Bohio, twelve years. 


February, 1897........... 
February aud March, 1897. 
inclusive. 


records 


| 
| a3 
Period. 
0.00 months) Feb 1891, Mch., 1897, Mch., 1898. 
February and March, 
Jan. March, inclusive. 
Dec 1900, April, 1901 
Dec., 1900, June, 1901 
Nov., 1897, June, 1898 
Dec., 1890, Aug., 1891 
Oct., 1897, Sept., 1901 
Feb., 1902, Jan., 1909 
861.92) Dec., 1898, Nov., 1908 


at| Note:—Gamboa rainfall records for 1895 and 1896 
incomplete. 
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—= 


2. ad = s = 

City. 

= 

sis 8.81 | 2.92 | 8.81 | 2.70 | 4.47 | 8.20 | 2.73 | 2.13 | 3.14 | 2.41 


British India. The pertion the district affected comparatively 


small area, and the foot-hills the south slope the Himalaya 
Mountains. The average annual rainfall there about 475 in., and 
the total for individual years has exceeded 800 in. Practically all the 


ANNUAL RAINFALL FOR YEARS 
RECORD, INCHES. 


Station. Location. 
Average. Maximum. 

Clearwater. Wash......... Coast 128.45 151.56 
Bowmans Dam, Slope, Cascade Mountains.... 185.70 
Ashford, Wash............ Slope, Mountains.... 
McKenzie Slope, Cascade Mountains.... 69.84 86.11 


| 
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= 


= 


rain falls the months the summer monsoon, May October, 
inclusive. The maximum daily record for this section reported 
in. 


Period. Station. Date. 
5.86 Balboa, June, 1906, 
10.86 Porto Belio, 


Inches. Station. Inches, Station. Inches. 

Rio 5.58 Brook........ 8.96 8.19 
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stati 
Station. Rainfall. Station. Rainfall. stations, Date. 
miles, 
Cristobal.......... 2.44 0.01 6.4 May 6th, 1911 
5.45 San Pablo......... 1.27 8.5 May 1911 
Monte 6.76 Brazos Brook..... 0.97 6.0 Feb. 8th, 
0.52 4.0 July 3d, 1910 
Cristobal.......... 2.94 Brazos Brook..... 0.34 2.5 Oct. 5th, 1910 
Rio Grande........ 8.25 1.62 0.8 Nov. 11th, 1910 


| 


Evaporation Station No. 


All the water that flows stream comes from the rainfall, but 
means all the rainfall finds its way into the stream. What 
proportion ultimately does appear depends many conditions and 
combinations, the principal factors which are elevation, topography, 
geology, and vegetation. The proportions the rainfall ordinarily 
found running northern streams may seen Table 18, abstracted 
from the Report the Board Public Works, Philadelphia, Pa. 


TABLE ANNUAL YIELDS WATER-SHEDS 
1908. 


| 
| 
| 
| 
| 
| 
| 


- | 
Perkiomen, Fred- 
Neshaminy, below 
Schuylkill............ 48.189 21.564 44.800 1.5842 0.0830 
Sudbury, Mass....... 75.2 45.99 22.887 48.680 1.6451 


appears that, streams the character those Table 18, 
from 55% the rainfall ordinarily collectable, and that the 
yield may taken from 1.5 2.2 cu. ft. per sec. per sq. mile 
drainage area. the case the Isthmian streams, for the past 
years, the ratio average annual run-off rainfall has been more 
than 60%, and the average annual yield per square mile the Chagres 


TABLE 17.—Locat Heavy 
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River has averaged between 5.75 and 6.06 cu. ft. per sec., with some 
monthly averages nearly twice much. 

For the purpose measuring the discharge the rivers and 

streams, gauging stations have been maintained Gatun, Bohio, Gam- 
boa, and Alhajuela, all the Chagres River proper. stage 
stations have also been maintained Lagartera, the Trinidad 
River, and Monte Lirio, the Gatun River, where several gaug- 
ings per month are usually taken. Besides this, hydrographer makes 
regular trips the principal secondary streams for the purpose 
gauging, the intention being get measurements different gauge 
heights. account back-water from the lake, the Trinidad and 
Gatun River stations were abandoned April, 1911, and December, 
1910, respectively, after records had been obtained for about years 
each place. Bohio was abandoned gauging station October, 
1910, but still maintained river stage station. Automatic 
water stage registers are operation all the regular stations, and 
continuous record river heights has been obtained since gaugings 
were begun. 

meter-rating station maintained Bohio, and all meters used 
the work are rated and adjusted nearly possible regular 
intervals. 

The regular field work carried the hydrographers charge 
the several stations, and after being worked up, the data obtained 
are sent the central office for checking and filing. Gaugings are made 
frequently, and many different elevations possible, order 
check the discharge curves. This course necessary account 
the continuously changing cross-sections the river bed, due 
the shifting gravel bars. Cable stations are maintained Gatun, 
Gamboa, and Alhajuela, and the gauging done from except 
very low water, when wading boat resorted to. All other gaug- 
ings are made wading, under ordinary conditions, and estimate 
quantity passing under bridges, times freshet. 

Gatun the entire run-off from the Chagres Basin has passed 
through the spillway since April, 1910, and gaugings have been made 
regularly. the dry season 1911, and before the installation 
the cable, gaugings were made from boat. During periods 
extremely low water, was possible work the spillway itself, 
where, account the even flow and the shape the concrete sec- 
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tion, very good measurements the minimum discharge the stream 
1911 were obtained. the same time simultaneous gaugings were 
made the cable station below, and from comparison with the spill- 
way gaugings, appeared that the results the regular station were 
satisfactory. 
Tables 30, give the discharge measurements 
various units for the Chagres River Alhajuela, Gamboa, Bohio, and 
Gatun. Unless otherwise noted, the quantities are from actual gaug- 
ings—floats previous 1907, and current meter work subsequently. 
CROSS-SECTIONS CHAGRES RIVER 


ALHAJUELA GAUGING STATION 
(LOOKING UP-STREAM) 


AREA 


100 (to El. 100) 
Dec. 4th 1006 
18th 
Jan. 4th 1260 

Mar. 28th 1260 


Distance,from Initial Point, Feet. 
Fis. 21. 


The discharge measurements for the stations the Trinidad and 
Gatun Rivers for the years record are given Tables and 32. 

The Chagres River above Bohio has constantly changing bed, and 
order get reliable measurements and estimates the flow 
necessary constantly the watch for changes cross-section. 
After every freshet there change, and oftentimes most re- 
markable character. Some idea this condition, perhaps, may 
found from the fact that from one bar the Panama Railroad dredged 
some 60000 cu. yd. gravel 1909, 90000 cu. yd. from the same 
place 1910, and about cu. yd. 1911. This gravel dredged 


and stored during the dry season used ballast the new 
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railroad location. spite the removal, the pit filled again during 
early flood season most excellent gravel various sizes, and, 
course, cleanly washed. The cross-sections shown Figs. 24, 
inclusive, were taken the several stations, required the gauging 
work, and show the variations area due freshet scour. This action 
perhaps best illustrated comparing the cross-sections taken 
December 18th, 1909, and January 4th, 1910, before and after one 
the largest freshets recorded this river. This rise began 
hajuela December 26th, and the days intervening, Jan- 


GAMBOA 
(LOOKING- 


Nov. 1910 
Dec. 1910 2850 
Feb=-1911---2955. 


Feet. 


100 150 200 250 300 350 400 450 500 540 
Distance, Feet, from Initial Point Soundings. 


22. 


uary 4th, when the cross-section was taken, there had been change 
area 176 sq. ft. below Elevation 100. The Gamboa station was not 
operation this time, but between December 1910, and Feb- 
ruary 13th, 1911, there was increase sq. ft. section this 
station, due smaller freshet which caused high-water conditions 
for about hours. The relation change cross-section illus- 
trated the curves area, velocity, and discharge for Gamboa shown 
Fig. 25. These are made from actual gaugings, and the 
change cross-section producing the change discharge can seen 
inspection Fig. 22. 


Water-shed Area 427 Sq. Miles. 
Year. Jan. Feb. Mar. Apr. May. June. July. Aug. Sept. Oct. Nov. Dec mean 


Monthly means. From Gamboa: Alhajuela ratio. Mean measured discharges. From formulas. 
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Water-shed Area 427 Sq. Miles. 


Year. Jan. Feb. Mar. Apr. May. June. July Aug Sept Oct. Nov. 

5.788 2.666 2.479 2.309 8.773 10.610 11.056 11.629 18.566 13.260 7.848 12.098 102.077 
1.895 1.387 1.105 7.148 4.708 5.718 6.002 9.154 14.864 10.491 74.348 
2.190 4.429 11.344 6.917 15.258 12.498 8.680 12.209 14.401 12.486 

2.098 2.859 4.429 9.154 8.859 9.627 13.017 92.365 
3.020 2.399 4.001 5.344 4.865 6.871 4.987 9.823 6.650 10.584 
2.675 1.626 6.871 6.007 5.634 6.460 10.491 
2.289 1.141 6.767 4.708 7.724 7.654 7.909 8.859 9.584 70.021 
1.979 1.430 1.478 4.061 5.914 7.621 9.781 7.754 6.208 58.659 
1.685 1.194 4.197 4.519 6.583 7.654 12.452 8.197 
11.448 8.108 2.190 5.718 5.724 5.718 6.295 6.181 8.681 8.212 4.957 
4.012 2.571 5.724 4.911 6.940 4.266 7.408 5.488 10.822 6.341 
1.895 1.556 1.160 5.211 4.162 3.366 5.960 5.924 8.418 
1.500 1.863 2.963 8.559 8.151 8.750 5.615 8.970 19.666 
10.780 2.732 1.707 5.764 7.810 11.414 7.978 10.197 12.384 10.097 7.817 92.083 
1.467 1.579 1.551 7.010 5.779 8.116 9.695 9.758 16.728 11.187 82.649 
1909. 8.081 2.901 6.587 8.912 11.045 9.892 46.714 
Mean 2.807 1.949 2.682 6.029 7.768 8.061 7.476 8.607 12.201 80.120 
6.998 4.398 8.212 14.092 8.647 11.942 11.882 11.336 11.87 11.722 16.107 
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Water-shed Area 559 Sq. Miles. 


Year. Jan. Feb. Mar. Apr. May. June. July. Aug. Sept. Nov. 
PR ivibsecaseeae 2 296 2018 1 236 2 981 8 087 3214 8 567 4 732 8 885 3744 4 556 8 052 - 3605 
2 225 1 130 636m 1 842m 4 450m 4 132 2981 2 381m 2 719m 2 684m 3249" 5 121m 2 746 
1 760m 1130 494m 671 8 281m 2 366m 8 779m 4 097m 8 850m 8 850 4 450 4 62 2 863 
RN 4 d'0Ga.anad ox 4 309 1 488 1 024 1 836 2 472 2 861 4 238 4 132 2 548 3 461 5 192 2 296 2 987 
BTL; sues acase 8 496 954 954 1 059 1 907 247 2 825 4 238 3178 8 390 8744 2 649 2 572 
024 671 459 459 1 766 2 048 2190 2 8 688 702 6 746 8 143 2 392 
ee er 1 227 1 589 1 024 1 942 2 896 2 896 8 002 27%) 2981 4415 4 782 2 190 2970 
MDE ar ckcseened 4 182 2 402. 1 695 2 861 2 275 8 078 8 271 2 142 8 822 2 974 4 561 2711 2 993 
re ve 1 687 1 082 844 7 2 183 2091 1 684 2 618 2 281 8 480 2 585 1 835 1914 
Se 2 935 1 297 1011 687 1 446 2 879 - 5560 8 890 5 140 6 030 5 020 8 210 8815 
EK cateedewsekn 1 230 710 710 720 3 410 2 910 8 470 8 960 4 880 4 750 8 420 5 R2 8416 
EE biieios besb08 49380 4 040 1410 1 350 8 180 6 410 4 340 5 880 4 689 4 &20 14 870 22 760 6 514 
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Water-shed Area 559 Sq. Miles. 


Year. Jan. Feb. Mar. Apr. May. June. July. Aug. Sept. Oct Nov Dec 
5.672 2.499 2.260 2.120 808 10.644 11.148 11.736 13.610 13.382 7.888 12.154 101.921 
1.781 1.060 4.719 7.794 5.753 6.058 10.560 74.442 
8.136 2.114 2.041 4.088 11.367 6.973 15.297 12.546 8.736 12.220 14.445 12.546 105.504 
5.846 6.260 6.415 7.855 9.765 9.093 16.600 87.847 
7.644 1.166 1.971 1.484 4.440 9.177 8.881 9.684 21.924 
7.286 2.759 2.260 2.254 7.148 6.341 6.761 10.192 7.051 7.794 74.565 
4.589 2.179 1.314 2.678 9.177 8.256 4.808 5.422 6.482 10.560 
2.108 1.015 6.767 4.719 7.794 8.439 7.676 7.982 8.881 9.584 69.831 
8.877 2.759 2.110 5.096 5.712 8.520 5.076 7.148 10.365 4.727 72.788 
7.206 1.781 1.971 2.109 5.822 8.739 6.337 6.987 5.465 62.754 
1.520 1.095 1.127 2.767 8.871 6.917 7.355 6.186 9.815 8.100 
2.957 2.110 8.871 5.972 5.779 6.191 5.758 5.846 9.108 9.450 4.519 72.336 
1.718 1.464 1.417 4.295 6.848 8.958 9.372 8.162 11.413 14.494 74.682 
8.520 4.688 4.692 6.744 4.416 7.681 6.138 9.104 5.592 72.811 
3.482 1.916 1.741 1.406 4.508 3.470 5.884 4.452 5.155 46.651 
1.458 1.257 1.696 3.954 3.894 7.909 8.531 7.542 5.741 10.476 16.006 70.562 
6.053 2.416 2.087 1.372 2.986 5.746 11.470 8.024 10.264 12,428 80.862 
1.370 1.464 1.439 5.802 7.148 8.162 9.740 9.800 16.795 12.002 83.291 
10.168 7.518 2.700 6.560 12.786 8.946 11.091 9.338 9.988 29.680 46.982 158.562 
12.692 6.519 4.081 8.702 12.002 11.942 11.380 11.942 11.281 16.624 128.977 
Mean Years.. 5.823 2.675 1.97 2.663 6.115 8.201 7.870 8.922 11.178 11.985 81.480 
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Water-shed Area 779 Sq. Miles. 


942 989 706 600 825 649 884 955 957 
864 611 002 152 672 920 356 557 078 826 
281 681 586 666 131 626 491 599 558 515 


Mean Years 


Mean. Gamboa: Bohio ratio. Mean Measured Discharges. From Formulas. 


Dec Mean 
076G 304 
876G 
518 
7081 
6098 
6957M 4488 
4214 
508 
855 
4179 
3958 
860 
654 4078 
358 570 
046 821 


oo 
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Water-shed Area 779 Sq. Miles. 


Year. Jan Feb Mar Apr. May. June. July. 
3.447 1.758 1.729 12.546 7.788 16.890 
10.457 2.405 1.545 1.116 4.967 6.114 9.200 
6.744 1.848 1.568 1.517 6.168 6.170 6.802 
7.010 2.157 1.308 2.482 7.821 6.025 4.658 
2.124 1.049 1.261 11.804 6.025 7.586 
8.370 2.270 1.626 2.890 8.977 9.780 
5.695 1.464 1.578 3.082 4.507 5.857 
1.416 1.095 1.015 2.410 4.095 8.301 
2.190 1.049 0.524 8.401 4.704 
16.624 2.791 6.329 4.552 4.496 
2.410 1.864 0.945 0.814 2.248 5.960 
2.871 1.822 1.049 0.859 4.185 2.825 
4.946 1.864 1.487 0.960 2.744 5.244 6.906 
1.891 0.988 0.865 0.960 5.764 4.485 5.361 
6.502 4.790 1.960 1.696 10.041 
9.119 8.874 4.554 2.689 5.568 10.700 8.808 
Mean 5.498 2.105 1.426 1.914 5.765 7.686 
Mean Years..| 5.670 2.189 1.574 1.951 5.687 6.000 


Oct. Nov. 
14.782 8.702 
10. 184 16.488 
18.478 15.928 
12.704 16.889 
18.842 18.212 
10.288 8.702 
9.408 10.878 
11.079 9.968 
7.471 11.287 
7.821 7.587 
9.461 
18.970 
8.778 9.562 
8.255 11.929 
10.284 6.783 
6.041 
11.607 7.799 
8.220 
12.176 80.614 
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Water-shed Area 1320 Sq. Miles. 


Year. Jan Feb Mar. Apr May. June July Aug Sept Oct Nov Dec 


Jan., 1890, Apr., 1907, from Discharge) (1.62). 
May, 1907, Apr., 1908, from (Bohio Trinidad Gatun River) (1.10). 
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Water-shed Area 1320 Sq. Miles. 


= 
a 


oo 


20% 
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COP 


1.417 1.991 


wm 


TABLE River. 


(Above Lagartera Station, Water-shed Area 314 Sq. Miles.) 
a 
CuBIC FEET PER SECOND. 
| | | | | ie 
Year. Jan. Feb. Mar. May. June. July. Aug. Sept. Oct. Nov. Dec. Mean. 
| | 
CuBIC FEET PER SECOND PER SQUARE MILE. 
3.98 5.99 6.31 4.78 6.37 7.96 7.01 5.46 
Means Years).....| 3.74 1.84 0.98 1.40 8.82 4.60 5.60 7.60 5.92 4.88 
Total 
| | 
Station removed mile below junction Siri and Trinidad branch October 7th, 1910. 


TABLE River. 


(Above Monte Lirio—old station. Water-shed Area 127 Sq. Miles.) 
SECOND. 
Year. Jan. Feb. Mar. May. July. Aug. Sept. Oct. Nov. Dec. Mean. 

470 157 114 454 1170 848 780 930 450 600 
Means and Years).| 331 161 235 563 848 949 868 987 702 582 827 
FEET PER SECOND PER SQUARE MILE. 
2.12 4.38 7.48 8.97 11.02 10.28 9.13 10.15 12.60 19.68 8.79 
Means 4.14 2.61 1.27 1.85 4.44 6.68 7.47 6.84 7.78 9.25 18.40 12.45 6.52 
INCHES WATER-SHED. 

4.842 4.089 7.159 8.923 15.998 5.695 62.054 

4.127 10.276 7.701 7.090 8.178 10.526 28.586 104.881 

| | 
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Bohio the conditions are very different from those the upper 
river. Here the river bed has very little slope, and the material 
carried along the flood alluvium and fine sandy clay. Besides this, 
the conditions are greatly modified the large quantity material 
from the canal excavation, which dumped directly into the river and 
carried down stream. This has resulted filling the bed greater 
extent than would otherwise have been the case. The changes cross- 
section due the various causes are shown Fig. 23, the maximum 
change being about 200 sq. ft. below Elevation during the period 
between May 24th and December 23d, 1909. Since April, 1910, back- 
water conditions, and consequent lessening the current, have re- 
sulted comparatively rapid filling the bed this point. 
account construction work Gatun, has been rather difficult 
find permanent gauging section this station. Although the con- 
ditions bottom and flow were not ideal, the best location seemed 
the spillway channel below the concreted portion. the 
bottom was rather rough, and little back-water was found near shore 
each side. The eddies, cross-currents, and waves, which were found 
farther the concreted portion, due bridge piers and other ob- 
structions, were absent the site chosen, and this location seemed 
have the most advantages. profile the bottom, taken February 
28th, 1911, and the horizontal velocity curves taken February 14th, 
21st, and 28th, different elevations the lake surface, are shown 
Fig. 24. 

During the years record and estimate, for which the discharge 
tables have been made up, Alhajuela, Gamboa, and Bohio, had the 
maximum discharge year 1909, and Gatun 1910. This condition 
was brought about the fact that the rainfall and consequent 
which took place November and December, 1909, was especially 
large during the latter part December, 1909. caused excess 
flow the upper stations for the last part the calendar year, 
1909, but much the water was not delivered Gatun until the 
following January, thus appearing bring the average the 
endar year, 1910. The river year, 1909-10, however, was the year 
maximum run-off all stations. The year minimum run-off was 
1905 all stations, and the year minimum dry-season run-off was 
1908. The interrelation these periods discharge, compared 
with each other and with the mean discharge for the period, shown 
Figs. 29, inclusive. From these may seen that the ratio 


Papers. 


HYDROLOGY THE PANAMA CANAL 


Elevations, Feet. 


CROSS-SECTIONS CHAGRES RIVER 
BOHIO GAUGING STATION 
Areas Computed Elev.+3 above 
Date Area 
27, 1909 650 Sq. 
Dec. 23, 1909 
Jan. 14, 1910 ------------ 


100 


150 


200 250 
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the annual minimum and maximum discharge Alhajuela about 
3.25, Gamboa 3.40, Bohio 2.56, and Gatun 2.50, decrease down 
the river being due the regulation the flood discharge flowage 
and storage the swamps and low areas. All the diagrams show the 
influence the heavy rainfall during November and December, 1909. 
Figs. and show the conditions discharge duration for the 
period used for Alhajuela and Gatun, together with the mean discharge 
the several months placed order dryness. Comparing the dia- 
grams, seen that the discharge the three dry months Alha- 
juela about one-half that the whole drainage basin, while the 
average discharge Gatun about three times that Alhajuela, 
which about the same the ratio the respective drainage areas. 
These conditions minimum and average discharge, when considered 
with relation the character the country the upper and lower 
portions the drainage basin, offer additional evidence the harmful 
effect swamps, far conservation water concerned, 
though their value flood regulators has been indicated. 


TABLE Past Gatun, ARRANGED 


Discharge, 
Period. Date Period (inclusive). cubic feet per 
Years 1892, February 28th, 1894................ 366 
-|November ist, 1891, October 1895............. 008 
ist, January 1895................ 890 
1890, December Sist, 1902.... .......... 840 
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TABLE Past Gatun, ARRANGED 


Discharge, 
Period. Date Period (inclusive). cubic feet per 


second. 

1st, .to April 872 


The critical period maximum discharge appears space 
about month the Gatun; that is, fairly uniformly in- 
creasing discharge can expected for about months the year, 
with the rate the twelfth month greatly excess. 

Alhajuela this period excess flow shorter duration, being 
only about months out the 252 average about 
days per year. 

Fig. shows the interrelations discharge the four main sta- 
tions the Chagres River. 

Figs. 33, 34, and show the cycle monthly average discharge, 
the average hydrograph, for the years record. From these and the 
preceding diagrams the probable quantity water available for power 
easily seen. For the design spillway and discharge channels, abso- 


lute maximum conditions are required, and these may found 
Table 35. 


Velocity, Eget per second 
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VELOCITY AND AREA CURVES 


GATUN 
SPILLWAY STA. 


[Papers. 
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MASS-CURVES DISCHARGE 


ALHAJUELA 
DRAINAGE BASIN =427 SQUARE MILES, 


Thousand Million Cubic Feet. 
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MASS-CURVES DISCHARGE 
BOHIO 


DRAINAGE BASIN = 779 SQUARE MILES 


Jan. Feb. Apr. May June July Aug. Sept. 
Months 


28. 


Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. 
Months 
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CUBIC FEET PER 
DRAINAGE BASIN=1320 SQUARE MILES 
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DISCHARGE DURATION 
FOR PERIOD TWENTY-ONE YEARS 
1890 1910, INCLUSIVE, 
ALHAJUELA 


Note:- Full line shows number months that 
discharge has been above a given quantity. 
Broken line shows mean monthly discharge 
order dryness. 
From 1890 April, 1899, mean monthly discharges estimated 
from mean of measured discharges, or Gamboa-Alhajuela ratios, 
Since Apr., 1899, excepting 1906, means from station discharge 
curves. Previous Mar., 1907, all discharges floats. 
Since, current meter measurements have been made. 


Discharge, Thousand Cubic Feet per Second. 


100 120 140 160 180 220 
Period, Months. 
30. 


CHAGRES RIVER DRAINAGE BASIN 
CURVES DISCHARGE DURATION 
FOR PERIOD TWENTY-ONE YEARS 
1890 1910, INCLUSIVE, 

GATUN 


Note:- FulLline shows number of months that 
discharge has been above a given quantity, 
Broken line shows mean monthly discharge 
in order of dryness. 

Discharge from 1890 April, 1908, inclusive, 
estimated from present relations. May,1908, to 
Jan., 1911, from current meter measurements, 


June 


verage Discharge for Three Dry Months. 


100 120 140 160 200 220 
Period, Months, 
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CHAGRES RIVER DRAINAGE BASIN 
CURVES DISCHARGE DURATION 
FOR PERIOD TWENTY-ONE YEARS 

1890 1910, INCLUSIVE 


Bohio for period twenty years, 1890 


Full lines show number of months that discharge 
has been above a given quantity, 


Dotted lines show the mean the total period. 


Period, Months. 


32. 


260 


CHAGRES RIVER DRAINAGE BASIN 
(427 SQUARE MILES) 
CYCLE AVERAGE MONTHLY DISCHARG 
FOR PERIOD TWENTY-ONE YEARS 
1890 1910, INCLUSIVE. 
ALHAJUELA 
Note:- From_1890 to April, 1899, mean monthly discharges 
estimated from mean of measured discharges, or 
ratios. Since Apr., 1899, excepting 
1906, means from station discharge curves. Previous 
to Mar., 1907, all discharges were measured by 
floats. Since that date current meter measure-A) 
‘ments have been 


Inches per Month Water-shed. 


Mar. Apr, May June July Aug. Sept. Oct. Nov. Dec. Jan. Feb. 
Months, 
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CHAGRES RIVER BASIN BOHIO 
(779 Square Miles) 
CYCLE AVERAGE MONTHLY DISCHARGE 
FOR PERIOD TWENTY YEARS 
1890 1909, INCLUSIVE. 
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Discharge, Thousand Cubic Feet per Second. 


Average Discharge for Three Dry Months 


Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec. Jan. Feb. lian.” 
Months 
Fic. 


(1320 Square Miles) 
CYCLE AVERAGE MONTHLY DISCHARGE 


FOR PERIOD TWENTY-ONE YEARS 
(1890 1910, INCLUSIVE) 


GATUN 
Note-From 1890 to May, 1908 .discharge estimated 
10 present relations-May, 1908, to Jan, 1911, 
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Inches per Month Water-shed. 


Thousand Cubic Feet per Second. 


Discharge, 


Mar. Apr. May June July Aug. Sept. Oct. Jan. Feb. 
Months 
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Inches per Month Water-shed. 
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TABLE Rates Run-orr River DRAINAGE 


1911. 


Discharge Cubic Feet per Second. 
Height Elevation above Mean Sea Level. 


ALHAJUELA.—DRAINAGE AREA 427 MILEs. 


Date. Time. Height. discharge. discharge. 


December 26th, 
December 30th, 1909.. 
February 12th, 1911.. 


AREA 


December 27th........ 
December 
February 13th 


GATUN.—DRAINAGE AREA 320 MILEs. 


Momentary rate 24-Hour rate 
run-off (storage (storage 
discharge). discharge). 


Date. Time. Height. 


December A.M. 17.7 
February 13th........ 


Floods are frequent occurrence the Chagres Basin, and from 
1879 1906, General records eight rises having maximum 
discharge more than 40000 cu. ft. per sec. Gamboa. Subsequent 
this period, there have been other similar floods—those Novem- 
ber and December, 1909. That is, there have been eleven great floods 
the Chagres years, average about one every years. 
The most important recent flood, and the one which gave the maxi- 
mum recorded gauge height, was that December 26th, 1909. This 
was accurately observed all its conditions, and the data and results 
are believed the most reliable record any flood the Chagres 
River. The flood was the last series three, all which can 
great, and their occurrence between November 11th and 
December 31st, 1909, indication the conditions for which 
necessary provide tropical water supply. During the period, 
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estimated that 128000000000 cu. ft. water were discharged 
past Gatun. This quantity, delivered under the present conditions 
Gatun Lake (water surface and with outlet, would fill 
the lake about Elevation 73, within ft. maximum 
lake level 87). Hydrographs two these floods and mass-curves 
discharge are shown Plates III and IV. 


FLOOD DISCHARGE CURVES 
ALHAJUELA DRAINAGE AREA=427 SQ. — 
BOHIO ts =779 
30 


340 


1909. 


4 
\ 


Cubic Feet per Second per Mile Discharge Rate. 


Million Cubic Feet per Square Mile-Total Discharge. 


104 112 120 
Hours. 
36. 


graphs are typical the Chagres River freshets, and study them 
presents some very interesting facts. Figs. and show these 
conditions, and indicate two distinct types freshet discharge which 
are probably not infrequent occurrence long term years, al- 
though they have been unusual during the period which authentic 
records are available. The freshet November, 1909, was com- 
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Comparison with Flood 
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Maximum Heights, Feet 
above Mean Sea Level 
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Gamboa 81.6 
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paratively longer duration and more widely distributed rainfall than 
that the succeeding month, although the crest height all stations 
was less than that the December freshet. For the November rise, 
however, the discharge past Gatun was nearly 50% more than that 


FLOOD DISCHARGE CURVES 
ALHAJUELA DRAINAGE AREA= 427 SQ. MILES. 


reg 


1909. 


Mile Discharge Rate. 


Cubic Feet per Second per Square 


Alha juela_|Dec,26-27—Cu-tt- see 


Million Cubic Feet per Square 


2 
to 
20 4 


Hours. 

37. 


December. The duration those extensive flows matter con- 
siderable interest, and the length time the rate run-off equalled 
exceeded given rate shown the figures the horizontal lines 
included between the discharge lines. 
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comparing these two curves this basis, seen that 
November the flow was more than 100 ft. per sec. per sq. mile for 
hours, while the case the December freshet this rate was 
equalled exceeded for only hours. During this time, however, 
the range above the 100 was three times that the previous month. 
appears, therefore, that, caring for freshet flows these localities, 
provision must made for rate run-off per square mile least 
300 cu. ft. per sec. per sq. mile continuing for hours, and that total 
discharges 000 cu. ft. per sq. mile for water-sheds having 
area 400 sq. miles, and 26000000 cu. ft. per sq. mile for those 
twice this area, delivered from days, are not uncommon. 
the Northern States, provision made for run-off in. 
per hours, thought conservative. The freshet December, 
1909, delivered about twice this rate. The curves, course, are 
only different way presenting the data already shown Plate 
III and Fig. (Chagres River freshet). 

The Chagres River freshets are usually not single rise and fall 
the river, but series rises following each other more less 
closely, depending the rainfall and the portion the drainage area 
which the storm begins centered. The smaller rises which 
appear are often due principally the the larger rises have 
closely preceded, and many cases the former would not have 
been noticeable except for the fact that the ground had just been 
thoroughly soaked that most the rainfall found its way very 
quickly into the stream. Table shows the total run-off Alhajuela, 
Bohio, and Gatun for the freshet December 26th, 1909, and another 
February 12th, 1910. This latter freshet principally remarkable 
for during the period when rainfall and stream flow are 
usually the minimum condition, while the former freshet occurred 
during the period maximum rainfall and river flow. The columns 
under Item (1) show the actual discharge conditions, while those 
under Item (2) give the estimated discharge due the freshet addi- 
tion the flow, estimating the latter from the gauge 
height just before and after the rise. the absence rain gauges 
the area above Alhajuela, the rainfall seems best estimated 
taking the average the Porto Bello and Alhajuela records. 
the freshet December 26th, this rainfall was about 19.50 in., and 
the discharge due the particular conditions this time was about 
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17.18 in., showing that nearly this entire rainfall was discharged dur- 
ing the period days succeeding. inspection Table 
will show that the rise December 26th-27th was due rainfall 
which was quite general over the basin, while that the 20th was due 
almost entirely rainfall the extreme eastern part the territory. 
the neighborhood Porto Bello. This latter condition was also 
true the freshet February, 1910, when 4.38 in. rain fell 
Porto Bello, 1.62 in. Alhajuela, and less than in. elsewhere the 
whole basin. 


Accumulated Discharges. 


Drainage area 427 Drainage area 779 Drainage area 820 


miles. sq. miles. miles. 
sa So sa Soe =| so =o 


ITEM (1) INCLUDING THE RIVER FLOW TIME FRESHET BEGAN. 


Dec. 26th-Jan. 8th 


Feb.12th-Feb.15th 
5.5 


ITEM (2) Not INCLUDING RIVER RUN-OFF DUE 
FRESHET. 


Dec. 26th-Jan. 8th 
days. 17.27 


Feb.12th-Feb.15th 
days. 4.51 


The freshet December 26th gave the greatest momentary dis- 
charge all gauging stations, while that November gave the great- 


est quantity water. The comparative relations the former are 
given Table 38. 
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TABLE 38. 


DISCHARGE FOR 


Cubic feet 

Cubic feet per 

per per square 


Minimum 


December. Annual. month. 


170 000 398 


66.0 222 
124 000 


16.4 


on 
ow 


Fig. shows the hydrograph and discharge curves for the “dry 
season” freshet February, 1910, and interesting note that 
the total run-off Gatun was about one-fourth the discharge the 
“wet season” freshet December, 1909. Figs. and show the 
surface slope the Chagres River during freshet periods, with the 
various places. The time the crest passed the gauging stations 
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given Fig. 39, and from this possible note the progress 
the crest down the river. Table 39, for the freshet December 
26th, 1909, shows these data concrete form. 

The Gamboa station had not been established December, 1909, 
but the flow past the station Alhajuela had mean maximum 
velocity 13.57 ft. per sec., more than four times that with which 
the crest moved down stream. the lesser rise February, 1911, the 
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o 
RM 
> 
vo 
Miles from Gatun, 
39. 
150 
140 
COMPARATIVE FLOOD HEIGHTS, 
o 
December, 7-18, 1909. 
110, 
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Miles from Gatun. 
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Alhajuela 
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mean maximum Alhajuela was 7.85 ft. per sec., and 
Gamboa 6.66 ft. per sec., while the crest moved between these stations 
rate 2.35 miles per hour, 3.45 ft. per sec. 


TABLE 39. 
SuRFACE SLOPE, 
Timeto MEAN FEET PER MILE. 
tion, hours. 
Miles per| Feet per} 
0.0 26th 0.0 0.0 0.0 0.0 
Gamboa......... 10.75 Midnight 26th 5.0 2.14 8.14 4.25 
19.00 27th 11.0 1.78 2.54 2.68 2.56 


The foregoing facts are especial interest the study river 
hydraulics, and appear indicate: (1) That flood crests move down 
stream with about the same velocity, irrespective gauge height, due 
the configuration the average cross-section and the meanderings 
the stream. (2) That the actual mean stream velocity absolutely 
dependent the gauge height. the high rises the Chagres 
River, the maximum current velocity any point may more than 
four times that the crest, and gradually decreases rate with the 
gauge height until, the low flows, the two velocities practically 
coincide. 

Run-off stream flow depends, not only the quantity precipi- 
tation, but also its distribution throughout the period under con- 
sideration. the case the Chagres River freshets, has been 
shown that after period heavy rainfall the ground has become 
thoroughly saturated that nearly all subsequent storm may pass 
quickly the stream. the other hand, after period drought 
and dry weather, oftentimes very little the rainfall finds its way 
the stream, else comes slowly unnoticed. While 
excessive downpours short duration may disastrous small 
reservoirs some cases, general proposition, they are local 
the design sewers and drains. The effect such conditions, there- 
fore, best studied small areas. The Rio Grande Reservoir and 
water-shed have offered opportunities for such investigation. This 
reservoir about mile south Culebra, the extreme head-waters 
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the Rio Grande. The top the spillway Elevation 235.2, and 
the surface the lake can raised ft. the use flash-boards. 
the latter elevation the area the reservoir surface about 
0.09 sq. mile, and the total area the basin above the dam and includ- 
ing the reservoir 3.15 sq. miles. The land area wholly uninhabited, 
with tropical vegetation and second growth, and repre- 
sentative the ordinary woodland conditions which obtain the 
greater part the rivér basins the Isthmus. 


TABLE 40.—Excessive AND RUN-OFF THE 
Rio 
Drainage Area above Gauging Station 2.36 Sq. Miles. 


RAINFALL. 
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) 
April 3.12 2.70 18.75 7.94 0.15 5.0 
May 2.97 2.45 35.40 15.00 0.56 19.0 
May 18th..| 1.50 2 35 0.61 2 10 70.80 24 30.00 1.12 72.0 
May 25th..| 2.73 2 4 4.04 1 00 59.20 24 25.10 0.98 34.0 
May 30th..| 1.25 4 80 2.85 0 88 11.77 48 4.99 0.37 29.7 
July 6th...) 1.45 0 50 2.60 0 42 20.82 48 8.82 0.66 45.2 
July 8th...| 0.98 1 10 1.61 0 32 17.76 48 7.52 0.56 57.0 
Aug. 22d..| 2.13 4 20 15.53 0 8 18.77 72 7.95 0.89 41.7 
July 28d.. . 0.82 1 15 1.56 0 25 2.07 12 0.88 0.016 | 2.00 


While there are several small brooks running directly into the 
reservoir, most the area tributary the main stream for quite 
distance above high water. short distance above this point river 
stage register was established, the area tributary from above being 
2.36 sq. miles, about 78% the total land area. There auto- 
matic rain gauge the shore the lake, about mile east the 
register station. gauging section was established near the register, 
and sufficient number gaugings were made fix the discharge 
curve and rating table. Table are shown the record and distri- 
bution for some the most severe storms which have occurred since 
the station was installed. Attention called particularly the 
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progressive increase the ratio run-off rainfall, Column 10. 
Near the end the dry season there had been only 3.34 in. rain 
since February 15th, and 2.38 in. this had been sudden down- 
pour. The ground, therefore, was parched and dry, and the vegetation 
eager for moisture. April 25th, 3.12 in. rain fell hours 
min., but only appeared run-off the stream. the rains 
became more frequent and the depleted ground storage became filled, 
progressively greater quantity appeared the stream flow until about 
July. ratio about 45% had been reached then, and the percentage 
run-off afterward oscillated above and below this mark, depending 
the rainfall and the quantity water stored the ground. The 
ratio 72% appearing from the storm May 13th due the 
heavy rainfalls just previous, which had not fully been cared for either 
storage surface flow. The data concerning the storms July 
21st and 23d are also interest indication the almost com- 
plete loss considerable quantity water stream flow and water 
use. This condition due the excessively dry period June and 
July, when the rainfall was considerably below normal. indirect 
proof the large water requirements vegetation, and may con- 
sidered total loss the lake. study the ground-water con- 
ditions showed that little, any, this rain appeared run-off, 
although the run-off probably benefited indirectly lessened demand 
the ground reservoir for vegetation. 

The storm May 25th was rather notable for the quantity rain 
falling short time, and the conditions run-off are those which 
ordinarily obtain from storms this character. occurred time 
when the ground reservoir was considerably filled and the demands 
vegetation would not out the ordinary. Certain facts con- 
cerning this storm are shown Fig. 41. The total rainfall was 2.73 
which little more than in. fell hour. The rain began 
12.12 and 0.29 in. fell min., run-off being appreciable 
the river gauge. The rain again began 2.54 M., and 4.32 
2.44 in. had fallen. the river gauge registered flow 
1.3 cu. ft. per sec., and this time the discharge began increase. 
The maximum flow came 4.15 the gauge showing rise 
5.31 ft. and discharge the rate 380 cu. ft. per sec. The stream 
flow did not return its original discharge May 30th, 
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0.18 in. rain fell between and the 26th. the 
0.15 in. rain that fell May 25th, prior the principal down- 
pour, did not affect the stream flow, probable that the 0.18 in. 


EXCESSIVE RAINFALL AND RUN-OFF 


UPPER RIO GRANDE 
MAY 25, 1911. 


Total Rainfall and Run-off by 15-minute periods, 
Accumulated Rainfall and Run-off for'19 hours, 


(Note:- For 24 hours, Run-off =32% of Rainfall.) 


a 
0.% | | 0.73 
| 


Time, Hours. 
41. 


falling hours later also had little effect negligible. 
Assuming this condition, the rainfall between 2.54 and 4.30 
May 25th, caused run-off, which, beginning May 25th, 


i 


1.0 
ci 
| | 
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reached maximum 4.15 the same day, and its effect was 
noted the stream flow May 30th. That is, 2.43 in. 
rain falling hour min., average rate 1.76 in. per hour, 


caused run-off 1.07 in. 108 hours, average rate about 
0.01 in. per hour. 


1.07 
The ratio time, run-off rainfall was 


The flow past the gauging station showed the following quantities 
passing: 


12% the total rainfall and 30% the total run-off hours. 
18% “ “ “ “ “ 40% “ “ “ “ “ 8 “ 

/ / 
20% “ “ “ 45% “ “ 4 

/ . / 
27% “ “ “ 60% “ “ “ 10 “ 
44% “ “ “ 100% “ “ “ “ 108 

# 


The storm May 25th was only ordinary tropical rainfall cover- 
ing comparatively small area, and common occurrence during the 
rainy season. has been given detail only because its progress 
was carefully watched, and indication average conditions. The 
rise more than ft. hours, with discharge increased nearly 
300 times, similar conditions frequently encountered water- 
sheds limited extent. 


TABLE WATER-SHEDS. 


DRAINAGE NORTH CONTINENTAL DIVIDE. DRAINAGE SOUTH 
Square Square 
Water-shed. Water-shed. miles. 


The relation between the rainy- and dry-season discharges 
streams particularly interesting its bearing water supply, and 
the use which can put regard stream flow and reservoir 
storage. Figs. 42, 43, and show these conditions graphically, and 
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little description seems necessary. appears that the extreme low 
flows last for comparatively short periods, and while many cases the 
discharge the stream through the dry months very well sustained 
from ground storage, other cases rivers draining considerable areas 
almost cease flow. The areas the several drainage basins are given 
Table 41. 

worthy notice that the streams south the continental 


divide and flowing into the Ocean generally have much less 


250 
192 


(2514 


AT 
130 BEGINNING DRY SEASON-1911. 
A gradual 
5 450 (after the time 


of these readings 


Percentage Decrease. 
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42. 


May June 


dry-season discharge than those the northerly side. mentioned 
the discussion rainfall, this condition due the prevailing 
winds and the fact that the northerly side the windward side 
the cordillera. 

The relations rainfall and run-off the basin seem best 
presented diagrammatic form. The run-off, measured and esti- 
mated the several principal stations, has been given Tables 
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DURING DRY SEASON, 1911. 
end of Wet Season. River |Normal.Flow,| Apr.Ist 
100'xx—+ + in cubie feet | Flow 
Pequeni 4.83 1,28 
o Gatuncillo 1,97 0.08 
Days Month. 
43. 
Normal flow rivers 
100 end Wet Season 
| Normal Flow |* pr.ist 
} __| square | 
Frijoles Grande 0.80 0.16 
oO Pedro Miguel 0.34 0.05 
Zz Cardenas 0.25 0.04 
£ 4 jCaimito 0.15 0.01 
Cocoli 0.40 0.10 
o | 
| 
2 | | 


Days Month. 


44. 
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82, inclusive, and the rainfall record Tables 11. 
Figs. 50, inclusive, show the run-off the Chagres Basin for the 
average year and for other critical periods Alhajuela and Gatun. 
Before studying the river relations, was necessary have the 
quantity rainfall the aréa considered. estimate tliis, based 
the actual records from the stations, weighted for their relative 
influence, have been prepared. The values are given Tables and 45. 
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CURVES RAINFALL, 


CHAGRES RIVER 
120 ALHAJUELA STATION 
10-YEAR AVERAGE, 
1901-1911. 


Inches Water-shed. 


May June July Aug. Sept. Oct. Nov. Dec. Jan. Feb. Mar. Apr. 


45. 


many cases the rainfall records were lacking, and these were esti- 
mated from present annual ratios between the nearest station with 
long-time record and the station where value was required. 
Attention called the fact that, although the run-off 
tion the rainfall, and would time absolutely cease the latter 
should the quantity the former does not vary directly with 
the quantity the latter. During comparatively short periods 
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little rainfall the run-off many times excess the precipita- 
tion, while for longer periods the run-off decreases with the rainfall. 
This decrease, however, not directly proportional, but some 
more complex ratio, depending the character the water-shed and 


Inches Water-shed 


DISCHARGE AND RETENTION 


CHAGRES RIVER 
ALHAJUELA STATION 


YEAR MAXIMUM DISCHARGE 
1909-1910. 


May June July Aug. Sept. Oct. Nov. Dec. Jan. Mar. Apr. 


Fic. 46. 
its vegetation. For example, rainfall 25% less than normal will 
produce certain run-off during the year, under certain conditions, 
but rainfall 50% the normal for period would probably 
yield much less than 50% the normal run-off. For this reason, 
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PLATE 
JANUARY, 1913. 
SAVILLE 
HYDROLOGY THE 
PANAMA CANAL. 


TOPOGRAPHICAL MAP 
THE 
RIO GRANDE RESERVOIR WATER-SHED 


CULEBRA CANAL ZONE 


Note: 
Contours Northwest portion,between Cerro Gordo and Gold Hill 


Reservoir, from French Survey. Between Elev. 240 and : 
Elev. 260, Contours based on instrument work. Py 
Above Elev. 260, Contours were sketched between 

traverse lines run the streams. 


gs. Elevations above Mean Sea Level. 


Se 


Rio Grande Basin 
(Pacific Drainage) 


550 
500 
550 
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very unsafe base calculations yield short-time observations, 
and apply the relation thus established minimum conditions rain- 
fall existing some former period. For the purpose illustrating 
these conditions, Tables and and Fig. are given for the whole 
area the basin above Gatun (1320 sq. miles), and for the area 
above Alhajuela (427 sq. miles). 

The year lowest rainfall this decade 1902-03, with 93.38 in. 
The river discharge for this year was 48.87, 52.4 per cent. 
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DISCHARGE AND RETENTION 
CHAGRES RIVER 
ALHAJUELA STATION 
YEAR MINIMUM DISCHARGE, 

1905-1906. 


100 


Inches Water-shed. 


| 

May June July Aug. Sept. Oct. Nov. Dec. Jan. Feb. Mar. 


47. 

April, 1905, was quite dry, and the heavy rainfall 20.22 in. 
May produced only moderate run-off, although increased consider- 
ably the total rainfall for the year. 

comparison the retention curves and discharge tables given 
this paper indicates some degree the quantity water required 
vegetation. the year plenteous rainfall, besides actual precipita- 
tion, the air contains more water vapor, which, being absorbed the 
leaves and grasses, gives them supply moisture lieu actual 
rainfall. the years less rainfall these demands must met from 
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ground storage, and thus quantity actual precipitation must 
taken, the consequent detriment stream flow. 

the year heavy rainfall the subterranean reservoir kept full, 
and rainfall reaching the surface the ground, having opportunity 
delay, delivered quickly the stream with minimum loss. 


GATUN STATION 
YEAR 
MAXIMUM DISCHARGE, 


Rate Vector. 
Cubic Feet per Second 
Square Mile 


100 - + + + 


+ 


fa, —} 


Inches Water-shed 


May June July Aug. Sept. Oct. Nov Dec. Jan. Feb. Mar. Apr. 
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What proportion the stream flow due sub-surface flow 
complex question, and each water-shed has coefficient its own 
that must applied any general statement. The quantity depends 
the character the soil, the underlying strata, the topography, 
and the surface cover vegetation. That considerable quantities 
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10-YEAR AVERAGE, 
1901-1911. 
100 


20 + | — 


May June July Aug. Sept. Oct. Nov. Dec, Jan. Feb. Mar. Apr. 


49. 
YEAR MINIMUM DISCHARGE, 
1905-1906. 


May June July Aug. Sept. Oct. Nov. Dec. Jan. Feb. Mar. Apr. 
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TABLE Run-orr, PERCENTAGE. 


Chagres River Basin above Alhajuela 427 Sq. Miles. 


AVERAGE. YEAR YEAR MINIMUM 
13.08 6.01 12.00 6.54 54.5 25.04 22.6 
12.56 8.08 10.74 9.31 86.7 6.00 56.3 
| | 
| | 
wet months....... 71.27 58.2 167.60 134.68 80.4 39.78 40.00 
TABLE Run-orr, PERCENTAGE. 
Chagres River Basin above Gatun Sq. Miles. 
1901-11. 1909-10. DISCHARGE, 1995-06. 


— 


Papers. HYDROLOGY THE PANAMA CANAL 


THE River Basin. 


Area Chagres Basin 1320 Sq. Miles. 
yearly totals are for the run-off year beginning 


Month 1902-| 1903-| 1904-| 1906-| 1909-| Monthiy 

| 


The average monthly rainfall over the Chagres River Basin was computed from the 


following records: The records from each section are given weights corresponding the 
area the section. 


Section. Rainfall Records. Weight. 


River BAsIN ABOVE ALHAJUELA. 


Area 427 Sq. Miles. 


average. 
January......... 5.78 8.52) 0.49 5.18 


The monthly values are equal the mean the rainfall records Alhajuela and 
Porto Bello. 


The annual totals are for the run-off year beginning May 
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Elevation Spillway 235.2. 

Waste (weir discharge). Land above gauge station..... 2.36 

Flood storage..... Seepage. Land below gauge station...... 0.70 

SUPPLY. DISCHARGE. PERCENTAGES. 
Surface Ground- 
flow, cubic ation per second. total rainfall. 
MEAN DISCHARGE. 
(1) (2) (3) (4) (5) (6) (7) (8) (9) (12) 
Jan. 30.. 2.65 3.66 6.58 6.31 0.27 2.92 0.218 0.00 4.1 40.3 
Feb. 1.93 3.49 6.30 5.42 0.88 2.81 0.205 14.0 0.945 
Feb. 5.85 5.12 0.78 2.42 0.176 0.89 12.5 107.4% 
Feb. 17.. 1.62 3.16 5.77 0.99 2.61 0.190 0.46 17.2 28.1 
Feb. 1.24 3.48 5.75 4.7 1.08 2.27 0.161 0.00 17.9 21.6 
0.93 8.56 5.38 4.49 0.89 0.133 0.08 16.5 17.3 
Mar. 7.. 0.91 4.08 5.58 4.99 0.54 1.45 0.106 0.00 9.8 16.5 
Mar. 4.15 6.06 5.06 1,00 1.91 0.189 0.00 16.5 
Mar. 19.. 0.89 4,41 5.77 5.30 0.47 1.36 0.099 0.00 8.1 15.4 
Mar. 25.. 0.61 4.46 5.70 5.07 0.63 1.24 0.090 11.1 10.7 


| 
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water are received this way undisputed fact. Table shows 
some conditions that have obtained the Rio Grande water-shed. 
attempt made discuss the subject this paper, the intention 
being make further study before presenting conclusions. The data 
thereon, however, are applicable some extent conditions the 
proposed Gatun Lake, and indicate considerable increase supply 
other than that due surface conditions. Figs. 50, inclusive, 
present graphically the conditions rainfall, run-off, and retention 
which obtain the basin above Alhajuela and over the entire drainage 
area above Gatun. The large quantity unaccounted for minimum 
years, and the relatively small quantities “lost” years maximum 
rainfall, are, course, what would expected. 


LAKE AND THE PANAMA CANAL. 


Gatun Lake, which will formed the big earth dam across the 
Chagres River Gatun, one the largest artificial bodies water 
the world, not the largest. There similarly made body 
its size the Western Hemisphere, the nearest approach being the 
proposed Bear Lake Reservoir, Utah, with surface 108 sq. miles, 
and probable that Egypt alone the Eastern Hemisphere has 
lake comparable either area capacity. 


AREA. 
sea square feet. Square miles. cubic feet. gallons. Acre-feet. 


205 911 540 211 056 


Elevation Gatun Lake has area 167.4 sq. miles, 
which about sq. miles are within the Canal Zone and the remainder 
Panamanian territory. The shore line, not including islands, about 
1010 miles length, which about two-thirds are without the Zone. 


— 
813 29.17 637 183 081 
426 51.14 169 143 385 440 062 
1971 70.69 152 270 419 829 942 
529 90.71 651 438 707 346 
099 111.17 791 649 198 992 450 
670 120 688 902 769 476 
274 158.82 160 361 199 507 681 401 
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Table 48* given for purposes comparison. The reservoirs listed 
therein are either built projected. 


TABLE 48. 

ousands ousands 

Name. millions Name. millions 

cubic feet. cubic feet. 
205.91 New Croton Dam, Y......... 7.85 
Cataracte Assouan, Egypt.. 130.65 Buena Vista Lake, 7.41 
Gebel Silsileh, 123.60 Hemet Valley, Cal.............. 6.00 
Cataracte Assouan, Egypt.. 94.40 Lake Mex......... 6.00 
Gebel Silsileh, Egypt........... 84.60 Paragon, 
Swan Valley Lake, 65.30 River Dam, Wyo...... 
Ouady Rayan, Lake Fife, 4.91 


| 
| | 


Wachusett Dam, Mass.......... 8.40 


Total area, Gatun Lake Drainage Basin..... miles. 


Water “ “ 87 “ 167.4 “ “ 


Ratio water land surface............ 14.52 per cent. 


The top the upper miter-sill the locks has elevation 
37.33 above mean sea level, and the bottom Culebra Cut will 
Elevation 40, referred the same base. The largest vessel yet 
built the Olympic, which, when loaded full capacity 60000 
tons, said have draft 37.5 ft. the minimum lake level 
assumed Elevation 80.33, this vessel would have about ft. 
water under her keel when passing over the miter-sills and more than 
ft. when passing through Culebra Cut. The heaviest United States 
war vessel the Utah, recently commission, and she, when loaded, 
said have draft 28.5 ft.; that is, the minimum lake level 
assumed above, the Utah could pass through Culebra Cut with least 
ft. water under her keel. 

storage depth 6.67 ft., 80.04 in., equivalent 11.624 in. 
distributed over the land area Elevation 87; that is, run-off 
11.624 in. from the total land area, would raise the surface the lake 
80.04 in. This quantity, therefore, required make good the loss 
storage when the lake surface drawn down the minimum, 


Abstracted part from Wilson’s Manual Irrigation 


Reservoirs for Irrigation, Water Power and Domestic Water Supply,” Buckley’s The 
Works and Barrois’ Les Irrigations Egypte.” 
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the reservoir will stand this much depletion without reaching surface 
level below that taken minimum. Reducing equivalenis, in. 
the land surface equals 0.574 ft. lake storage. evident that, 
after considering the several unavoidable and continuous losses, such 


maintenance, power, seepage, etc., the remainder the quantity 
available for lockage. 


TABLE 49. 


Condition. Elevation. Area, 


Storage capacity 
square miles. 


cubic feet. 


192 246 000 000 


Extreme high 167. 
154.0 161 864 000 000 


The continuous draft loss lake storage was placed the 
original Consulting Board Engineers as: 


275 cu. ft. per sec. 
Seepage and other losses............ 


and these figures have been used the following investigation, 
although has been stated that recent experiments the Stoney 
gates place have demonstrated that the leakage that account was 
exceedingly small, and probable that the figures given above will 
greatly excess actual conditions. 

The total requirements for seepage, maintenance, leakage, etc., 
635 cu. ft. per sec. are equivalent 3.793 cu. ft. per sec. per sq. mile 
lake area, which, converted into inches, gives the results Table 
for the several months. 

TABLE 50. 


Month. 


Lake area. Land area. 
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The rainfall Gatun Lake surface has been estimated from the 
records the stations this area, and gaps the record have been 
filled using the observed ratios between the given stations and those 
the vicinity where the records were continuous. After completing 
the monthly periods, from 1901 1911, inclusive, for the several sta- 
tions used, the quantities from these stations were given proper 
weight making the final table. 


Gatun 
Lake Area Elevation 167 Sq. Miles. 


Month. 1901. 1902. 1908. 1904. 1905. 1906. 1907. 1908. 1909. 1910. 


The yearly totals are for the run-off year beginning May ist. The 


average monthly rainfall over Gatun Lake was computed from the 
following records: 


Station. Weight. 


The lowest annual rainfall record Colon was 86.50 in., during 
the calendar year 1884. The rainfall Gamboa for the same year 
was in. 


The weights given are the numbers corresponding the area 
lake surface that appeared represented this particular station. 
may noted that the average the Bohio and Alhajuela rainfalls 
record very close that Gamboa, which nearly the center 
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this district. realized that nothing added the accuracy 
the records the interpolations for supplying missing data, either 
rainfall run-off tables. the other hand, more reliable data 
are hand, and the intention extending these tables has been 
afford basis for comparison extending over similar term years 
all cases. The tabulations thus made are given the best available, 
the judgment the writer, and not purport record 
conditions that have existed. From close personal observation for the 
past years, the writer the opinion that the results which are 
based these estimates are within reasonable limits error. 

Besides the rainfall and the unavoidable demands for water, there 
very considerable loss storage due evaporation. The records 
and discussion this phenomenon have been given previously. From 


16 
RIO GRAND 
Rainfall Record-Jan. 1905, Dec. 31, 1911. 
12 | Evaporation ++ -Apr. 1, 1909, to Mar. 31, 1911! 13 
10 Evaporation exceeds Rainfall 4 Ys 
anaverage amount equivalent! 


to 0.131"per day or 8.58 c.f.s.persq, mye 
ae 


Rainfall exceeds Evaporation an average 
per sq. mi. 


poe SEASON-254 DAYS. 


} 
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Months. 


51. 
these records, the diagrams Plate and Figs. 
sive, have been prepared show the relations that exist between rain- 
fall and water surfaces the Isthmus, and also 
show application the surface Gatun Lake. many the 
estimates there has been allowance for the gain due rainfall 
the lake surface. The evaporation figure usually has been taken 
equivalent maximum conditions, and this has been applied flat 
throughout the year without reference the rainfall. Fig. and 
Plate give the actual conditions which existed during the 
calendar year, 1910, Rio Grande and Brazos Brook Reservoirs. 
shows the estimated evaporation from the surface Gatun 
Lake had existence during 1902-03, the year minimum 
rainfall Cristobal and that estimated minimum Gatun Lake. 


4 


1909 


PLATE 
PAPERS, AM. SOC. 
JANUARY, 1918. 
SAVILLE 
HYDROLOGY THE 
PANAMA CANAL. 
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Fig. shows the probable average conditions which would have existed 
Gatun Lake during the past years, had the lake been then 
existence. These diagrams, together with that Fig. appear indi- 
cate that the period excessive daily evaporation extremely limited, 
and that the apparent considerable losses water surface during the so- 
dry months are reality greatly modified the rainfall, which 
especially persistent the Gatun Lake area during this period. 
For investigations concerning water supply and storage conditions, 
the so-called mass-diagram presents very satisfactory and simple 
solution many problems, and study the character the various 
curves brings out facts which might otherwise overlooked. Desmond 


26 
BRAZOS BROOK 
COMPARISON RAINFALL AND EVAPORATION 
4 13 Evaporation exceeds Rainfall WY 
fice @n average amount equivalent 
97 Att | Uf amount equivalent to 0,387"per day or 
7 6 


January February March April May June July August Sept. October Nov. December 
Months. 


52. 
FitzGerald, Past-President, Am. Soc. E., was probably the first 
use this method the United States, and appears his report 
the “Capacity the Sudbury River and Lake Cochituate Water- 
Sheds Time Drought,” 1887. Mr. FitzGerald credits the use 
this diagram Mr. Rippl.* John Freeman, Am. Soe. E., 
has made the most extended use this method working the 
probable yield the Croton very clear description 
given therein the construction and properties this curve, and 
Theodore Horton, Am. Soc. has gone into the matter 


Minutes Proceedings, Inst. E., Vol. 71, 
Report New York’s Water Suppl Freeman, 1900, pp. 226-228. 
Engineering Record, July 1897. 
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considerable detail. the mass-curve the accumulated run- 


off the drainage area (in this paper reduced flow per square mile 
land area) corrected for the rainfall and evaporation the water 
surface, pond reservoir included the area, and including 
the known constant withdrawals. Given this mass-curve and 
the available storage capacity the reservoir reduced the same unit 
the mass-curve, readily seen that, projecting straight lines 
representing uniform rates flow, possible read directly from 
the diagram either the maximum draft that can counted during 
various seasons, find what will probably the reservoir’s 
depletion under various drafts. quote Mr. Freeman: 


“To find from this mass-curve the periods greatest storage deple- 
tion and the dry year cycles longest duration, first lay off the 
diagram straight lines slopes corresponding the the dia- 
gram various rates uniform draft per square mile per day, and 
then straight-edge and triangle, rule parallel lines tangent vari- 
ous corresponding full reservoirs, The vertical 
space between this straight line and the curve now represents the 
depletion the reservoir under the given rate draft; and the 
distance from [the horizontal distance from the summit 
origin the rate line the point where this line cuts the mass- 
curve.—C. S.] represents.the length time that the reservoir would 
remain drawn down.” 


Such curve has been constructed for the drainage area Gatun 
Lake for the period, 1901 1911, inclusive, and shown 
Plate VII. 

order that its construction may clearly understood, the com- 
putations for the year 1902-03 are given Table 52. 

Table 52: Column the run-off past Gatun (see Table 30). 
Column the estimated rainfall the Lake (see Table 51). 
Column the mean evaporation for the past years Brazos Brook 
Reservoir, which, account its location, appeared approximate 
most closely the conditions Gatun Lake. Column the constant 
draft 635 cu. ft. per sec., reduced equivalent inches the 
lake surface. Column the yield the water surface the lake 
167.4 


terms the land surface; that is, Column 
152.6 


14.52 per 


cent. 
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TABLE 
(1) (2) (3) (4) (5) (6) (7) (8) (9) 

9.14 12.50 2.44 5.88 0.85 9.99 182.25 
0.28 4.89 8.95 —1.24 0.07 
May..... 2.14 12.49 4.87 8.67 0.58 2.67 
8.48 9.88 3.66 4.23 1.99 0.29 148.10 
5.70 14.15 8.08 4.87 6.75 0.98 6.68 149.78 
12.82 8.47 4.37 4.98 0.72 8.47 158.25 

7.79 12.32 3.99 4.28 4.10 0.59 8.38 166. 
7.89 11.44 4.17 4.87 2.90 0.42 8.81 174.94 


The quantity for November Column the sum Column from May, 1901. 


The year, 1902-03, was taken example because its dry-season 
discharge was one the lowest the decade (1908 being about the 
same), and was also the year minimum rainfall this period. 

order compare quickly the given supply with assumed drafts 
uniform rates, the vector diagram added, with which very 
simple matter obtain the required information regarding storage, 
depletion, and length time the lake will below high water. 

his discussion the “Water Supply for the Lock Canal 
Col. Hodges states: 


“With these assumptions [previously given.—C. and taking 
into consideration the saving water which can effected cross- 
filling, the total average consumption for one passage per day, e., for 
two prisms lift each day, 44.2 cu. ft. per sec. Neglecting any 
advantage derived from cross-filling, 51.9 cu. ft. per sec.” 


the following computation regarding the number lockages 
possible per day, far water supply concerned, taken 
51.9 cu. ft. per sec., about 0.04503 cu. ft. per sec. per sq. mile 
land area. 

For converting feet per second per square mile into inches 


Transactions, Am. Soc. E., pp. 105-106. 
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depth the tributary area, the following relations are convenient, 
ft. per per sq. mile being equivalent to: 


Period days. Inches. Logarithms. 
0.03719 8.5704262 

1.04132 0.0174507 

1.07851 

1.11570 0.0476642 

1.15289 0.0618292 
365.25 13.58380 1.1330164 


The factors the construction the rate diagram are given 
Table 53. 


TABLE 53. 
Number per year inches. 
Total Per square mile area. 
land area. 
2854.5 2.476 
2.026 27.519 
1.801 24.461 
1816.5 1.576 21.408 
519.0 0.4502 6.115 


From inspection Plate VII evident that the critical 
periods, far storage concerned, are found 1903 and 
1908. order study these conditions better, the diagram, Fig. 55, 
has been prepared covering these same periods but larger scale. 

The construction these diagrams such that any measurement 
the vertical scale represents inches depth per square mile land 
area, and any measurement the horizontal scale represents time 
months. also remembered that the available lake storage 
equivalent 11.624 in. over the land surface. Therefore, direct 
measurement the number lockages* per day that can made 
possible, considering that the lake full the beginning each 
dry season, and not drawn below Elevation 80.33. The lake 
will full the beginning the dry season the line representing 
the required number lockages does not any year pass above the 
yield summit the next following year. 

Wherever the word used this paper, means one complete passage 


the canal that is, expenditure water required for passing vessel from one ocean 
one slope and down the other the ocean the opposite side the Isthmus. 
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the case the left-hand diagram Fig. 58, the distance, 
11.624 in., measured from comes just above the line, BC, repre- 
senting lockages per day; and the case the right-hand diagram 
Fig. 58, the distance from little above the line, GH, 


representing lockages per day. Therefore, lockages per day 


Season ys, 
Evaporation_excteds-1 the-Ra’ 
$ per day, or 3.52 c. 
a 


June July Aug. Sept. Oct. Nov. Dec. Jan. Mar. Apr. May 
Months. 
53. 


GATUN LAKE 
RAINFALL AND EVAPORATION 
TEN-YEAR AVERAGE 
R nfall Record-May, 1 1901,-to-Apr.-30,1911. 
May 1909, 30, 1911, 


Evaporation the ‘Rainfall 
an average amount equivalent to 
| f. s. per 


Raina te bo 


May June July Aug. Sept. Oct. Nov. Dec. Jan. Mar. Apr. May 
Months. 
54. 


the maximum that can safely counted with present conditions 
storage. the horizontal scale each small subdivision represents 
month. the left-hand diagram, the line, BC, beginning January 
cuts the mass-curve little after September Ist. With lock- 
ages per day, the lake would begin drop about January Ist, reach 


15 

YY) or 8,08 c. per Lp 8 
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its minimum elevation about May 1st, would then begin fill, coming 
high-water mark during the first part September, and then wasting 
until the beginning the next dry season. From the right-hand 
diagram seen that 1908 similar conditions would have been 
experienced with the same number lockages per day, but, account 
heavier rainfall, the reservoir would have become full about 
weeks earlier. Lines drawn for greater less rates show correspond- 
ingly greater lesser storage, depletion, and similar condition for 
the reservoir below high water. The conditions referred the 
left-hand diagram Fig. are shown different form Table 54. 

1902-03, with rate lockages per day, the deficiency 
storage, which the sum the figures Column would have been 
10.88 in., 0.74 in. less than the requirement, which indicates that 
this rate could have been supplied during this season. The reservoir 
began fill June, and, September 10.47 in. over the 
whole land area had run into the lake, indicating that full reservoir 
would have some time during the first part September. 

1907-08, with rate lockages per day, the 
storage, which the sum the figures Column 10, would have been 
11.60 in., 0.02 in. less than the requirement. This also just 
inside the limit (11.624). Beginning with May, just following the 
depletion, and summing the monthly surplus Column ap- 
pears that the reservoir would have become full some time August. 
The results given these two cases check with those taken from the 
curve, they should, this method only rather laborious way 
obtaining what can much more easily taken directly from the 
mass-curve. 

study the mass-diagram, Plate VII, shows that the past 
decade, 1908 has not only been the year least run-off, but located 
the bottom the trough, the yield gradually decreasing from 1901 
and rapidly increasing since May 1908. With lake storage 
little more than ft., limiting minimum lake elevation 
instead 80.33, even during this period low run-off, 
the lake would have been capable caring for about 100 lockages 
per day. appears, therefore, that under the present conditions 
high-water elevation and storage possible take care 100 com- 
plete lockages per day without drawing the lake surface below Eleva- 
tion 75. Even with this rate draft, the reservoir would have 
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Graphical Scale. 
(11.624 inches storage on water-shed 
equivalent to 6.67 feet storage on™ 
Gatun Lake Elevation 
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Day. 


Require- 
ment, 
inches. 


waste), 
inches. 


Deficiency 
inches, 


Per Day. 


ao 

Month, 

(1) (2) 

4.65 
5.78 
9.26 
9.99 
4.08 
0.07 
8.47 
8.21 
October..........| 18.84 
16.19 


yield Columns and was obtained the same way the figures Column Table 52. 
are repeated this table. 


Month, 

1907- 1908, Rom 

(6) (7) 

5.98 
5.99 
7.92 
18.15 
November....... 8.72 
December....... 4.49 
0.62 
5.01 
September......| 7.56 
8.34 
November....... 


osa 
aon 

a 
(8) (9) (10) 
8.18 
2.85 
2.85 
2.85 
2.85 
2.75 
2.85 
2.85 
2.85 
2.85 


for different 


eriods 


different rates 


For lockages per day, requirement, 2.476 
cu, ft. per sec. per sq. mile. 


Period, 
days. 


Period, 
days. 


Requirement, 
inches. 
1.041 2.476 2.577 
1.078 2.476 2.667 
1.115 2.476 2.761 
1.152 2.476 2.852 


50lockages perday. Requirement, 2.251 
cu. ft. per sec. per sq. mile. 


Requirement, 
1.041 2.251 2.34 
1.078 2.251 
1.115 2.251 2.51 
1.152 2.251 2.59 


Some the figures there given 
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TABLE 55.—Comparison 1910-11 witH 


Year 1910-11. FOR YEARS RECORD. 
Monthly, Accumulated, Monthly, Accumulated, 
CRISTOBAL RAINFALL. 
November... 80.04 30.04 22.01 22.01 
December 15.20 45.24 12.58 
0.99 46.28 4.05 88.64 
February.... 1.81 1.46 40.10 
1.41 1.69 41.79 
14.58 99.80 16.46 88.12 
August...... 11.60 111.40 15.18 108.25 
GATUN RAINFALL. 
November... 24.08 24.08 
December ... 19.24 45.30 89.86 
February .... 2.19 48.69 7 2.41 46.51 
1.80 50.49 49.76 
19.14 76.01 15.98 69.72 
6.66 97.39 12.51 95.84 
7.91 105.30 110.57 
RAINFALL. 
February.... 1,87 2.11 38.75 
March....... 0.97 2.01 40.76 
12.82 64.02 18.84 60.38 
June..... 6.96 12.14 
August...... 5.69 14.77 
GAMBOA RAINFALL. 
16.90 16.90 12.54 12.54 
December ... 80.01 7.31 
February 0.71 80.83 0.84 22.60 
March....... 0.38 0.86 23.46 
August....... 7.68 71.67 12.04 70.09 
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TABLE 55.—( Continued.) 


Year 1910-11. FOR YEARS RECORD. 
Monthly, Accumulated, Monthly, Accumulated, 
ALHAJUELA RAINFALL. 
14.87 14.87 14.70 14.70 
December ... 15.49 8.04 22.74 
February 2.29 0.88 24.90 
March..... 0.01 0.71 25.61 
August....... 10.79 13.10 81.26 
November... 10.81 10.81 12.52 12.52 
December ... 11.86 8.19 20.71 
0.06 28.49 0.71 
14.86 43.24 21 11.31 38.96 
August,..... 8.36 10,46 
November... 22.95 22.95 23.47 23.47 
December 21.64 44.59 15.79 
February.... 2.00 46.34 
8.79 10.90 81.52 
December ... 23.96 14.74 
February 2.41 4.60 51.95 
54.27 4.64 56.59 
10.58 101.25 14.76 106.60 
August. .... 9.58 110.88 11.88 
BELLO RAINFALL. 
November... 81.85 81.85 
0.84 46.81 9.64 71.56 
56.09 3.30 80.14 
6.60 62.69 8.07 88.21 
19.25 81.94 14.82 
18.04 99.98 120.08 
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filled January 1909. The general trend the mass-curve 
indicates that the rate 100 lockages per day the reasonable 
maximum capacity the canal, far water supply concerned. 
Below this rate the storage lies the present lake, provided Elevation 
can allowed for the minimum surface elevation. For more 
than 100 lockages per day, the storage requirement increases 
rapidly that could developed only considerable expense. 

With practically unlimited storage during the past decade, the 
run-off would have been sufficient have provided for about 125 
lockages per day. this would probably mean additional storage 
reservoirs tributary streams conserve water which, under present 
conditions, will waste during the rainy months. 

The rainfall the Isthmus since January 1911, has been 
light, and below normal many stations. The run-off for the tributary 
area has been affected, and the monthly flow past Gatun the lowest 
record (either measurement estimation) since 1890. Compari- 
sons the rainfall records the drainage area for this period with 
the normals for the years record are given Table 55. 

Table comparison the run-off Alhajuela and Gatun for 
the present period, and the average the monthly- records these 
stations for 1890-1911. 


TABLE 56. 
ALHAJUELA STATION. GATUN STATION. 
Mean run-off, inches. Mean run-off, inches. 
Month. 
lated. lated. lated. lated. 
January...| 4,427 6.214 6.214 8.170 5.358 5.858 
February..| 8.126 9.840 5.584 2.096 
March..... 2.875 2.079 1.257 6.791 1,417 8.871 
4.418 2.967 14.386 1.752 8.543 1.991 


The run-off past Gatun affected constantly two conditions 
which not obtain the basin above Alhajuela: 


1.—Extensive swamp areas with cover vegetation that require 
large quantities water; and 
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2.—Evaporation from Gatun Lake surface, which was not experi- 
enced former years. 


addition the foregoing, the greatest factor contributing the 
large proportional quantity run-off per square mile above Alhajuela, 
compared with that the basin whole, probably found 
the greater precipitation the former area. This condition 
found Tabies and 45, from which appears that the annual 
average rainfall from the whole basin for years was 125.04 in.; for 
the portion below Alhajuela, 118.90 in.; and for the portion above that 
station, 136.36 in. other words, the rainfall the area above 
Alhajuela about greater than the average the basin whole, 
and 14.5% greater than that the basin below that station. 


TABLE 57. 
ean area evaporation evaporation 
Mean lake| lake feet| for actual proposed 
elevation surface, per second, lake lake area 
square per square cubic (167.4), 
Month. miles. mile. feet per cubic feet 
second. per second. 
(2) (3) (4) (5) (6) 
January... 14.09 19.60 6.29 5.46 107 918 
17.30 6.87 5.96 108 998 
18.12 18.10 4.94 740 
15.58 21.7 8.29 2.85 478 
15.58 22.10 2.92 2.62 438 
15.92 22.30 4.36 684 
August 20.50 4.07 8.58 592 


The figures Column Table should added the monthly 
discharge Table 28, since April, 1910, order compare these 
months with the discharge previous months the same name. 

Table given show what would have been the effect the 
lake and its usefulness had been operation during the period since 
January ist, 1911. 

Table shows that, even with the low rainfall and similar condi- 
tions run-off since January 1911, the lake would have handled 
lockages per day, and the surface then would have been above the 
limit 2.38 ft., equivalent 4.15 in. land surface. 
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TABLE 58.—Firty-rive Day. 


evaporation equirement, 

Month, 1910-11, lake area, inches. Surplus. Deficiency. 

inches. 

December............ 21.01 2.85 


From that which has preceded, therefore, appears that the water 
supply Gatun Lake sufficient for any probable demands com- 
mercial other navigation, and the use the canal limited only 
the capacity the locks and the requirements practical operation. 
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CONSTRUCTION PROBLEMS, DUMBARTON BRIDGE, 
CENTRAL CALIFORNIA RAILWAY. 


not the object this paper give complete description 
all the construction features the Dumbarton Bridge. The aim 
and purpose outline, general way, the field methods, and 
discuss details only where exceptional problems were met. 

secure all-rail route into the City San Francisco from 
the main line tracks the eastern shore San Francisco Bay, 
thus avoid ferrying increasing numbers freight cars between 
Oakland and San Francisco, the Central California Railway, better 
known locally the Dumbarton Cut-off (Fig. 1), was projected and 
constructed the Southern Pacific Company during the three years 
ending September 30th, 1910. The cut-off connects Niles and Newark 
the east side with Redwood City the west side the bay. 
Through this improvement, the all-rail distance between: Oakland and 
San Francisco has been reduced 26.1 miles, compared with the 
corresponding earlier distance via San José. 

The bridge proper consists draw 310 ft. length over 
all, and three 180-ft., double-track, through, riveted, approach spans 
each end the draw. All structural steelwork was designed 
accordance with the Harriman Lines Common Standards 1906, 


papers are issued before the date set for presentation and discus- 
sion. Correspondence invited from those who cannot present the meeting, 
and may sent mail the Secretary. Discussion, either oral written, will 
published subsequent number Proceedings, and, when finally closed, the 
papers, with discussion full, will published Transactions. 
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using what corresponds Cooper loading. The center 
center distance end pins 474 ft. 

There also considerable length single-track, creosoted timber, 
ballasted trestle each end the steelwork. The length the 
east approach trestle 1002 and that the west approach 
ft. .The total length the entire structure, steel spans and 
timber trestles, ft., approximately miles. 

unusual methods were required building the timber trestles, 
which are all standard type. The bents are ft. centers, 
and each bent consists six piles. The piles are Oregon fir, 
and lengths ranging from 120 ft., the penetrations some 
cases being great ft., depending the depth the mud. 

The specifications call for piles 10-in. tip the pier foundations, 
and for 9-in. tip for those used the trestles. The butt diameters 
were limited only the width the gin, which was in. The 
trestle piles were creosoted; those for the foundation piers supporting 
the structural steel spans were not creosoted. Fig. Plate VIII, 
shows the pile-drivers used. 

Test piles, driven about 300-ft. centers along the proposed bridge 
axis, indicated that the depth the mud varied from ft. near the 
middle the channel, and from ft. toward the shores 
the bay. Under the mud was found stratum fine black sand, 
mixed with gravel, averaging from ft. depth, and below 
this hard clay. interesting note that trace clay was 
found the Spring Valley Water Company when making tests 
only about 500 ft. the north and line paralleling the Dumbarton 
structure. 

According the original plans, was the intention extend the 
wooden trestles from each shore for the full approach lengths the 
rest piers the draw span; but when the east approach had been 
completed within about 120 ft. the draw, August 21st, 1907, 
M., length about 120 ft. trestle was undermined and 
washed out, precipitating the pile-driver equipment into the bay. 
There was storm the time; the accident was due entirely the 
currents produced the outgoing high tide. 

These difficulties once prompted modification the original 
trestle plans. was first proposed alter 200 ft. the east ap- 
proach and 600 ft. the west approach, immediately adjoining the 
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draw span, supporting the track for these distances eleven 
double-track pile bents. After few these bents had been driven, 
was seen that, this method, the trestle could not built steady 
enough prevent vibration while high tides were running out. Thus 
second modification was decided on, substituting for portions the 
trestle approaches, six 180-ft. steel spans, three each side the 
draw (Fig. 2). 

this location the bay, unusual and difficult foundation prob- 
lems presented themselves, due depth water, the tides, and the 
nature the soil. The depth water the pivot pier mean 
low tide ft.; extreme high tide 58.3 ft., with extreme 
range tide levels 11.7 ft. Very rapid currents were caused 
the large prisms water required pass through the narrow 
channel, approximately 1500 ft. wide. Measurements registered 
maximum flow miles per hour. 

These conditions finally led the engineers adopt cylinder founda- 
tions support the steel superstructure, and these have proved entirely 
satisfactory. They selected for the type pier cylindrical steel 
shell, enclosing piles and concrete. description the 40-ft. pivot 
pier will illustrate the type, which was also used for all smaller piers. 
Eight clusters piles were driven form hollow square, ft. 
side, with the center the square the center the pier. 
About ft. mud and sand were then dredged, using orange- 
peel bucket. The dredged material was placed bottom-dropping 
scow, transported, and dumped into the bay short distance from the 
bridge site. Falsework (Figs. and Plate IX), consisting 
four wooden trusses, ft. long and ft. high, was constructed 
12-in. timbers and supported the pile clusters, for 
the purpose sustaining and erecting the guide-frame (Fig. 
Plate VIII) for the steel cylinders. The guide-frame consisted 
twelve 20-in., 65-lb. ft. long, placed upright form 
regular, twelve-sided polygon about ft. diameter. These 
columns were braced horizontally intervals ft. in. two 
12-in. channels placed back back, shown Fig. Plate 
Additional stiffening was obtained reinforcing the top and bottom 
these 12-in. channels their mid-points with 8-in. channels. Thus 
was formed series trusses (Fig. which added greatly the 
lateral stiffness the entire frame. general appearance the guide- 
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frame resembled the framework for gas holder (Fig. Plate XI). 
the frame was built was lowered tackle until rested 
the soil. Then was weighted refusal loading 300 tons 
steel its top. assist securing even settlement, 
water jet was used, while the columns were tapped with pile 
hammer. The guide-frame came refusal when the first set 
horizontal channel struts rested the sand bottom. These struts 
were ft. in. above the lowest parts the frame. The three lower 
courses (Fig. Plate the steel cylinder were then assem- 
bled the falsework, and with rope tackles were lowered 
unit into position. clearance in. was allowed between the outer 
flange the upright I-beams and the webs the guide-channels 
which were attached the shell. rail was fastened the top 
the section the shell with clips each the twelve points adjacent 
the upright columns the guide-frame. These rails 
were used level rods, being appropriately marked. The shell was 
driven refusal, with even settlement, the bottom edge resting 
ft. below the lowest horizontal struts the guide-frame. 

The space within the cylinder shell was then further excavated, 
the center portion being dredged about ft. deeper than the outside, 
which just about offset the uplift the ground, due the driving 
the outside row piles first and working toward the center with 
succeeding piles. Two skid pile-drivers, with overhang ft., 
were used (Fig. Plate XII), working from the pier protection 
used support them. Inside the steel cylinder 141 piles were driven, 
about 32-in. centers, shown Fig. Care was taken place 
each pile nearly possible match its position the pile plan. 
pile, position for driving, shown Fig. Plate XI, 
diver cut off two-thirds the piles average height ft. 
above the bottom the cylinder; the remaining piles extended 
within ft. the top the pier, about ft. below the top 
the guide-frame. 

Before the second unit the steel cylinder was placed, the lower 
section was filled with concrete within ft. its top, this being 
the highest level which the concrete could placed without dis- 
turbance from the tidal currents passing over the top the section. 
bottom-dump bucket was used, having capacity cu. ft. Care 
was taken provide even distribution concrete. diver was 
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employed continuously. found that the concrete materials had 
very little tendency spread, because the concrete was being deposited 
still water. The second unit the shell was then assembled and 
lowered place. 

provide for good connection between the units, rather unique 
detail (Fig. was evolved. The guide-frame was relied bring 
the joints proper position and hold them there, but, insure 
more perfect bearing, continuous, flanged-steel plates, in. thick, were 
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riveted around the entire outside the cylinder the upper sections 
Joints and 11. Flanged clips, 4-in. steel plates in. long, 
were placed around the interior the cylinder, and were ft. from 
center center. Thus butt joint was formed, with cylindrical 
flange plates the outside and flange clips the inside. This 
portion the work was also watched very carefully diver 
the unit was lowered into position, the result being that even 
bearing was obtained and also very satisfactory connection. 
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Concrete was placed level about ft. from the top the 
second unit the same manner already described. The various 
operations were continued until the pier was completed level 
above the permanent water line. After this stage the work 
coal buckets were used place the concrete, shown Fig. 
Plate and Fig. Plate XIII. 

The falsework trusses were dismantled and taken down when the 
last section the steel cylinder had been lowered into place (Fig. 
Plate The piles the falsework dolphins were pulled with 
the aid two donkey engines. 

The construction for the end abutment piers the draw span, and 
also for the piers the approach spans (Fig. Plate XIV), was 
carried approximately the same way for the pivot pier, far 
work below water was concerned. protection was provided 
for the abutment piers, the foundation piles were driven with skid 
driver resting This driver (Fig. Plate XIV) was 
elevated cribwork provide the necessary clearance above the guide- 
frames. the smaller piers only the piles were cut off 
low level diver (Fig. Plate XV); the remaining piles 
were allowed extend well into the top the shell. 

With the exception the pivot pier, all foundation cylinders 
were ft. diameter elevation ft. above high water. Above 
this level the diameter for the steel shells the abutment piers for 
the draw span was reduced ft. (Fig. Plate XV); for the 
cylinders under the fixed spams the diameter was reduced ft. 
These reductions diameter permitted easy adjustment due 
errors alignment placing the lower shells (Fig. 5). 

insure good bond the cylinder piers the sections where 
the 18-ft. diameter was reduced ft., fifteen 10-ft. lengths 
old steel rail were placed vertically each cylinder, and spaced 
around about in. inside the upper cylinder. 
These rails were lashed the pier girders steel cables, holes being 
cut the webs the girders where required. 

Each the two rest piers the draw span consisted four 
cylinders (Fig. Plate XVI). Above the water line the 12-ft. sec- 
tions were braced and tied together four plate girders, each in. 
depth. The two girders running parallel the track line extended 
through and were riveted the farther sides the cylinders. The 
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two cross-girders were framed into the longitudinal ones. provide 
clearance for placing the grillage beams under the bridge shoes, was 
necessary cut from each end each girder portion the 
top flange and web. 

Each pier under the approach spans consisted two cylinders, the 
lower sections ft. diameter, the upper ones ft. diameter, 
already explained. The 14-ft. sections were tied together two 
plate girders, each ft. in. depth. 

The anchor-bolts for all spans were placed the concrete was 
poured, The only provision made for adjustment was that provided 
the slotted holes the shoes. 

The erection the draw span required unusual methods. The 
material arrived from the plant was unloaded along the tracks, 
that could placed barge required. The unloading 
derrick (Fig. Plate XVI) was somewhat out the ordinary 
that the A-frame was pin-connected, which permitted raised 
lowered, important and advantageous feature railroad work. 
The draw-span trusses, floor, and bracing, were assembled and erected 
the draw-span protection position right angles the line 
track. double derrick traveler (Fig. Plate XVII), running 
lines rails, enabled the erecting crew make rapid progress. 
The span was assembled complete (Fig. Plate XVII), ready for 
riveting days. Figs. and Plate XVIII, show the draw span. 

The six approach spans were floated into position. facilitate 
their erection land, pile bents were driven the shallow water 
the bay shore the Newark side. sufficient number pile bents 
this character were built permit the assembling two spans 
once (Fig. Plate XIX). When one span was thus assembled 
and completely riveted, the temporary trusses the falsework were 
knocked out and barges were placed position. The old steamer 
Thoroughfare, which for many years had been used ferry freight 
across San Francisco Bay, incidentally having been condemned 
the Government, was cut two, bulkheaded, and, though 
the irony fate, assisted the erection the bridge which 
destined relegate the past the scheme bay transportation, 
for which the old steamer was originally built. 

Particular care was used selecting the time float the various 
approach spans into position the cylinder piers. the erection 
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site the barges were placed under the spans low water, that the 
rising tide would lift the steelwork clear from the temporary pile 
supports. The spans were towed against the tide (Fig. Plate 
XIX). When span got into position between its cylinder piers 
(Fig. Plate XX) block and tackle lines were thrown out and 
made fast the piers. These lines were connected with donkey 
engines and capstans, that span could adjusted its proper 
position over the grillage beams (Fig. Plate XX) and hold 
while being lowered. The lowering was accomplished opening sea 
valves the barge. When the span was place the grillage, the 
cribbing was knocked out and the barge withdrawn. The average 
time required place span, from the time left the falsework 
the shore until the removal the barge from under the piers, 
was about hours, but each case depended somewhat the dis- 
tance the span had towed. 

provide for continuous rail (Fig. Plate the ends 
the draw span, the inside flanges the guide and traffic rails 
were cut off flush with the web permit the rails slip over 
cast-steel filler block. The rails were hinged with slotted hole the 
other end where similar casting was placed. The engine which 
provides turning power for the draw also operates the end track- 
lifting devices. The bridge opened closed min. Fig. 
Plate XXII, view the completed bridge. 

About 15000 cu. yd. were placed the foundations; 
cu. yd. were required for the pivot pier. The total weight steel 
935 tons, divided about follows: draw span, including machinery, 
1215 tons; center pier, 250 tons; six 180-ft. approach spans, 480 tons 
each; all approach and rest piers, 1590 tons. 

The work was designed and constructed under the supervision 
William Hood, Am. Soc. E., Chief Engineer, Southern 
Pacific Company, whom the writer indebted for much the 
information contained this paper. The field work was charge 
Mr. Marsh, Assistant Engineer, until his death, September, 
1909. Too much credit cannot given Mr. Marsh for devising 
with success the many field details and operations which were developed 
the work progressed. Mr. Broughton, his assistant, then 
took charge the field work, and him and Mr. Kurtz, 
who took the photographs, the writer under obligations for assistance 
collecting the facts described this paper. 
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WESTERN TYPE MOVABLE WEIR DAM. 
Discussion.* 


glad his paper has added anything the knowledge small inex- 
pensive structures for canals, but does not wish understood 
recommending the use timber construction material, except 
the extremely rare occasions economic utility. Under ordinary 
conditions, the cost reinforced concrete only 50% more than the 
equivalent timber construction, and this should generally make its 
use preferable. 

Mr. Atwood states that this type dam more adapted use 
irrigation canals than streams, due the likelihood driftwood 
the latter lodging against the bents time flood. matter 
fact, dams this type are used extensively rivers, the drift being 
taken care floating log booms arranged conduct into 
still water. the other hand, structures any type having remova- 
ble parts which are seated grooves sockets the floor are found 
impracticable Western rivers because the deposition 
sand the floor the recession the flood. the case the 
flash-board weir, this sand scoured the increased the 
approach the board dropped the grooves, and the board 
seats itself few minutes, regardless the quantity sand which 
has been deposited. 

the rivers the West the flow conditions differ from those the 
East. For example, the flow the San Joaquin River ranges from 
about 200 sec-ft. minimum more than 50000 sec-ft. maximum. 
The sudden termination one these floods will cause the deposit 
sometimes much ft. sand the floor the weir. 
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Regarding the question scour: general, the weir floor made 
long enough that there not much tendency that direction. 
the length the floor such that line from the top the weir, 
making angle 45° with the horizontal, falls within the limits 
the floor, there little tendency scour. Generally, there 
occasion put the small auxiliary bulkhead shown the writer’s 
plan, sand-bar almost always forms short distance below the 
weir, which has the same effect, backs the water and forms 
water-cushion break the impact the overpour. The same 
obtained placing the elevation the weir floor ft. below 
the grade the canal river bottom. 

The expedient suggested Mr. Atwood, namely, that sloping the 
floor upward, would have effect the opposite that desired. The 
velocity certain volume water falling over vertical weir 
less than that the same volume falling over weir inclined down 
stream. Consequently, the scour would less the former case. 

conclusion, may stated that this type structure, built 
the material which will give the maximum service, and with the 
substructure best adapted the foundation which the weir 
stand, probably the least expensive any the movable types 
for waterways where the floods are flashy and large, and the same 
time accurate, regulation desired. 
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THE SIXTH AVENUE SUBWAY 
THE HUDSON AND MANHATTAN RAILROAD. 
Discussion.* 


water-proofing, the membranous method had been used between 12th 
and 27th Streets, and had not given entire satisfaction, leaks had 
developed after completion; therefore, order obtain better results, 
Keystone Water-Proofing Compound was used experimentally between 
27th and 33d Streets. general, was satisfactory, except sta- 
tions, because leak which would unnoticed between stations, would 
very unsightly and objectionable station. 

was necessary construct the subway alternate slices 
sections, first under the elevated column bents and then between these 
bents, there were numerous joints, and was there that the leaks 
and also places where structural steel extended through 
the concrete where reinforcing rods ended close its inner face. 
These leaks were stopped cutting away several inches concrete 
from the inside and then plastering with cement mixed with water- 
proofing compound, grouting, and, some cases, where the back- 
fill had not been completed, stripping the roof and then placing 
brick laid hot asphalt. 

The cost was much less than with the membranous method, for 
not only was the cost the compound less than that the membrane, 
but the outer protecting masonry and the additional excavation for 
became unnecessary; even adding the amounts spent stopping 
leaks, there was ultimate saving. 


from November, 1912, Proceedings. 
Author’s closure, 
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very doubtful whether better results could have been obtained 
the use additional cement, the leaks were due the joints 
the concrete between sections built and the presence steel 
which extended through nearly through the concrete roofs. 

Under the practical conditions that prevail executing such work, 
probable that some leaks would have occurred, matter what 
class water-proofing had been used. The conclusion reached was 
that the use the compound was satisfactory between stations, but 
that the stations the water-proofing results were not positive enough. 

The decision use reinforced concrete instead structural steel 
was made for the reason that there slight saving quantities 
due the use the former, stated Mr. Whitney; and, addi- 
tion this, the unit cost the rods was less, and the time that 
this structure was designed, prompt delivery structural material 
could not obtained, while rods could always had. 
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STATE AND NATIONAL WATER LAWS, 
WITH DETAILED STATEMENT 
THE OREGON SYSTEM WATER TITLES. 
Discussion.* 


with more advanced topics, connection with the control National 
and State waters, than the average man qualified follow closely 
endorse their entirety. Mr. Lewis does not write these 
matters novice mere theorist, but responsible State 
official who has administered successfully the regulation State 
waters for many years. 

generally admitted, those qualified judge, that the 
water laws Oregon are among the most carefully devised and 
effective any force the United States. They contain certain 
admitted defects, more particularly connection with the control 
water-power, which may expected eliminated during the next 
few years, experience ripens; but the general provisions governing 
diversions, application beneficial use, and appurtenancy lands, are 
generally beyond serious criticism, except details. 

premature, course, claim too much for the Oregon system 
water titles and control, their application being yet quite young. 
Their ultimate value and success depend almost wholly the capacity 
and integrity the officials whom the State may appoint. Very few 
officials have had better experience than Mr. Lewis water-right 
matters, have devoted more energy and care the numerous com- 
plex problems that are continually arising therefrom. has been 
both appointed and popularly elected State officer, having especial 
jurisdiction over the interests and prerogatives the State its con- 
trol State waters. All his official associations and connections 
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necessarily have tended emphasize his mind the doctrine 
State control water. Therefore especially significant. when 
man this type comes forward affirm the importance and necessity 
radical augmentation Federal power the control public 
waters. 

The Oregon Water Laws, like similar laws other States, affirm 
the ownership the State all streams within the State, and establish 
rules governing their use; but administrative State officer charge 
the practical application these rules finds himself faced with 
apparently insoluble inconsistencies. Taking the State Oregon 
typical, there are the following complications: First, the national forest 
reservations, mainly occupying the great mountain ranges, which 
most the sources the rivers lie, are under the exclusive and 
permanent administration and ownership the United States. The 
appropriations and uses water these reserves, from every practical 
standpoint, rest wholly with the United States, and not with the State, 
notwithstanding the doctrine State control all waters within the 
State. will readily understood engineers that the Federal 
control storage and diversions within these reservations necessarily 
conflicts with and renders partly non-effective any system State 
control lower the streams. 

Then again, there are the various reservations reservoir sites 
and power sites under the Reclamation Act and for the conservation 
water-power. These continually run counter the obvious intent 
the administration the State laws controlling water use, be- 
cause State permit use water for irrigation power useless 
large proportion cases without the utilization the sites embraced 
the reservations. 

Then, again, there are the indefinite rights the Indian reserva- 
tions, which many cases are claimed superior rights granted 
under the State laws white settlers. These offer complication not 
serious some, but certainly embarrassing. 

Next there are inter-state streams, which meander and fro across 
the borders the State, and which adverse appropriations are 
made, first one State and then another, both being under abso- 
lutely independent State jurisdictions. 

Then there are the navigable waters, under indefinite control 
the National Government. evident any thinking person that 
control the navigability stream necessarily implies some measure 
control the feeders that stream. the Government 
spend millions deepen channels, build locks, dams, and other im- 
provements, and responsible for the maintenance deep water for 
navigation, evident that cannot permit private parties their 
pleasure, even under State permits, make diversions adverse 
navigation interests. Hitherto, this question has not assumed the 
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pressing importance that will years come, because the 
tion the Western States and its utilization water are still com- 
paratively small; already, however, certain points, there are unmis- 
takable indications clash between the opposing interests naviga- 

tion and State-regulated appropriations. one important California 
river, navigation being seriously threatened such diversions, and 
there body, either Federal State, which has power make 

expert decision the merits the case the public interest. 

the meantime, important private interests are being permitted 
grow up, with the sanction the State and under the eyes the 
Federal officials having charge navigation, which inevitably must 
result serious complications and losses the future, but which 
both State and Federal officials are powerless prevent. 

The greater part Oregon within the water-shed two great 
navigable rivers, the Columbia and the Willamette. both these 
streams the Government expending large sums money naviga- 
tion improvements. The Willamette intra-state river; the 
Columbia carries drainage from all the Northwestern States, well 
from Canada. The summer navigation both may impaired 
marked degree when the various diversions believed feasible 
and desirable have been completed. 

Serious differences opinion are also arising from time time 
over the uses which inland inter-state navigable bodies water 
should put, whether used for reservoirs, drained and reclaimed, 
continued mere navigable lakes. present special Congres- 
sional action necessary each case, and uncertain and un- 
satisfactory recourse. 

probable that the majority cases public interests will 
best served giving preference diversions for beneficial use 
over use for navigation. The point interest that each case 
considered its merits the proper time, and definite policy 
laid down some competent authority, which obviously cannot 
creation the State, 
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Discussion.* 


this paper might well have been puzzolan cement, instead tufa 
cement, order make more intelligible the cement expert. 
From geological point view tufa is, doubt, more accurate 
designation the material use California than puzzolan, but 
the latter commonly used, witnessed the title Part VII 
Eckel’s “Cements, Limes and Plasters,” which Cements.” 
Eckel includes among puzzolanic materials “all those natural 
artificial materials which are capable forming hydraulic cements 
being simply mixed with lime, without the use heat.” stated 
Mr. Lippincott that mixing the ground California tufa with 
lime, without any cement, would set under water and slowly be- 
come hard. The material, therefore, may recognized being 
puzzolanic. From the analyses the tufa use California, 
appears that those denominated Fairmount and Monolith contain 
much higher percentage silica than found the puzzolans 
from Italy and France, and the trass from Germany, the percentage 
silica the Italian materials varying from maximum 
63, those France from 48, and, the case the trass 
from Germany, 67.6, according Eckel. The California ma- 
terial corresponds more closely composition santorin earth, which 
carries much 73%, and averages 66.4%, silica. Unfortunately, 
data are available showing what proportion the silica any 
the materials occurring abroad, those California, soluble 
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acid, hydrated silica this description which possesses 
the greatest hydraulic value. There seems question, however, 
but that the ground mixture Portland cement and California tufa 
produces true puzzolanic cement. 

appears that the tufa California ground and then blended 
with the Portland cement. natural suppose that the tufa 
cannot economically ground unless has been thoroughly dried, 
view the general experience the cement industry with grinding 
slags and other raw materials. the writer would seem that 
would have been better practice grind the tufa and the Portland 
cement clinker together the same time, the same mill, 
more intimate mixture the materials would result. 

One fails find the paper the results any tests the tufa 
cement with the local sands use, either tension compression. 
Data that description would instructive, especially has 
been recognized, least Germany, that tensile strength tests 
cement are small importance compared with those com- 
pression, and, this account, have been abandoned there. 

Mr. Lippincott states that: 


striking feature the tufa cement that, all the four 
years which has been tested, there has never been pat which 
has failed under the boiling test. indicates, further, that any 
free lime which may occur the cement combines with the silicas 


the tufa.” 


the writer, this does not seem conclusion which can 
justified. merely means that the cement has been ground finer 
passing through the Gates tube mill after the two materials have 
been blended, and, consequently, that does not contain the coarse 
particles which cause pats fail under the boiling test, test which 
the best German authorities consider very little value, and which 
seems the writer bear relation the conditions which the 
cement exposed actual construction. 

appears that, its Pittsburgh laboratory, the Bureau 
Standards has determined the amount insoluble silica the cements 
and the tufa, but, unfortunately, the percentages soluble silica 
are not stated the paper, although there sufficient evidence that 
there considerable percentage silica the tufa hydrated 
condition which, the cement set condition, the soluble 
form, although there evidence that combined with lime. 

would interesting determine some manner the hardness 
the puzzolan cement concrete and its resistance attrition and 
impact, compared with Portland cement. frequently deficient 
this respect, not always satisfactory concrete made 
with Portland cement. Mr. Lippincott quite right stating that 
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cement this type more satisfactory when used moist places 
and masses where cannot dry out, than where the latter pos- 
sible and, this account, work done with requires greater care 
order permit satisfactory setting than that done with straight 
cement. 

Based the writer’s experience with sand cement, would seem 
that there was plenty justification for using tufa cement the 


California work, but will interesting watch its behavior during 
long period years. 


Am. Soc. E.—Influenced the reports 
the successful use tufa the Los Angeles Aqueduct Board, the 
speaker located several tufa claims for contemplated work Arizona, 
and until recently supposed that the successful use tufa was definitely 
settled. 1911, some parties desired build dam and other works 
near Prescott, Ariz., which would require large quantities cement. 
The speaker furnished them with samples his tufa and was informed 
that they had also used these and other near-by samples combina- 
tion with Portland cement from Iola, and Portland, 
and that all the samples thus tested gave poor negative results. 

the speaker’s return homeward, compared samples the 
Arizona tufa with those California tufa, the Aqueduct office 
Los Angeles, the samples appearing nearly the same 
physical characteristics. Both seemed rhyolite tufa. 

June, 1912, received copy “Report Municipally 
Manufactured Cements, Los Angeles Aqueduct,” signed “Gervaise 
Purcell, Sanders, Finkle, Chester Loomis, Consulting 
Engineers.” This was report made Mr. Edward Hagar, 
President the Association American Portland Cement 
facturers, Philadelphia, Pa., which they attacked vigorously the re- 
sults obtained mixing tufa with the cement made the Aqueduct 
engineers. They claim that the hydraulic index the municipally 
manufactured cement low 1.66 1.69, while average American 
Portland cement has index averaging 1.91, and German brands 
1.98; and they also claim that the tufa used the physical equivalent 
clay, hence the poor results found them. 

Thus far, the speaker has not heard any public denial the 
Aqueduct Board the truth the above quoted charges, and the 
whole matter thus enveloped doubt. would certainly 
matter considerable interest the Profession have careful tests 
made the said California tufa, using standard brand cement, 
that this element uncertainty hydraulic index might re- 
moved, and the same time settle the question, whether the real benefit 
not due much the character the adulterant the fact 
that the regrinding with the tufa brings larger percentage the 
otherwise inert, non-setting grains Portland cement into finer 
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state, whereby, when wetted, they “gel” enter into colloidal 
condition. 

Concerning the incidental matter fine grinding, the speaker 
one time made tests certain fine-grained ore carrying silver 
chloride, the pan tailings assayed oz. per ton, and 11% the 
silver was soluble “hypo”; gramme the tailings was ground for 
hour agate mortar with “hypo”, and every effort was used 
crack and break the grains mineral, the result being that 50% 
the silver was made soluble. washing and separating the 
coarsest grains, the latter were found have maximum diameter 
mm. This test shows that the finer grains probably have cush- 
ioning effect which protects the larger ones from effective action, and 
this raises the question: Could not the present methods grinding 
clinker greatly improved using gradual reduction method 
which the fine dust would removed more promptly, and thus enable 
much finer grinding the cement, and probably with greatly improved 
efficiency, enabling larger percentage act colloids? 

With his present information the matter, the speaker con- 
siders that there are still several points cleared before ventur- 
ing the extensive use tufa adulterant adjunct Portland 
cement. 

Assoc. Am. Soc. E.—The speaker has looked 
some records relative one phase this tufa cement question, 
that is, Portland cement ground with varying percentages silica, 
which makes compound not unlike that tufa, that the main 
ingredient the latter seems form silica. These records 
show the results tests months for mixtures which the 
Portland cement ranges from 100% down 124 per cent. The 
strength the 100% mixture starts with 417 lb. days, and runs 
650 Portland cement ground with equal weight 
white quartz, making 50% cement, starts 270 days, and 
runs 653 lb. months, which 201% the strength the 
neat cement, considering the cement content the mixture. 

There another compound which consists the second, that is, 
the 50% Portland cement, and 50% sand, one part each sand and 
cement ground together, and another part crushed quartz mixed 
with mechanically. This compound started 257 lb. and ran 
614 lb. months, which 283%, counting the Portland cement 
334 per cent. 

There was still another mixture which was one part each cement 
and sand ground together, with two parts quartz added, making 
25% mixture. This mixture started 264 lb. and went 585 
which 360%, considering the quantity cement contained. 

From these figures, would seem that the chief thing gained 
adding and grinding together silica any kind and Portland cement, 
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first provide filler, and secondly increase the impalpable portion Mr. 
the Portland cement, because everybody knows that only small part, 
the cement the average Portland cement any use, and that 

the impalpable powder. The remainder acts filling hold 
together, and grinding quartz and cement together, the binding 
proportion very much increased the additional fine grinding, 
which cannot obtained any other way, least, cannot 
obtained commercially any other way. 

For instance, addition this 25% mixture, there another 
25% mixture the same brand Portland cement mixed with three 
parts standard crushed quartz sand, ordinary mortar, and 
that starts 134 against 264 and only runs 388 
months, which very much less than 585 and seems 
the speaker that this “diluted” cement, this tufa, beneficial chiefly 
that for certain quantity cement used, very much greater strength 
obtained because this grinding, the fine content fills the voids. 
For instance, the strength the 25% mixture sand and cement 
the ordinary way mortar, and the strength the corresponding 
mixture partly ground together, 14; that is, the mixture 
ground together 151% the strength the ordinary mortar; 
therefore, would seem that, aside from the possible combination 
some the free lime, the extra lime, with the soluble silica 
the tufa, against the insoluble silica the quartz, probably 
the greatest advantage derived from the extra grinding. 

The speaker has also the results obtained with mixture, 
mortar made with three parts standard crushed quartz sand and one 
part the 50% “ground together” mixture previously mentioned, 
which, months, shows strength 126%, considering the cement 
content. This mixture, however, starts only lb. days and takes 
days reach the minimum strength allowed for days. Obviously, 
this would unfit for use any work requiring early strength, mat- 
ter how strong might become later; and this same trouble, namely, 
the lengthening the time required for work “stand alone,” seems 
one the strongest arguments against “diluted” cements 
general. They all seem good enough the course time, but 
time often governing factor. This true, not only the case 
form work, where every day that the forms have left place 
causes additional expense, but even more cases where frost 
bad weather must considered. 

The time consideration applies somewhat the remarks: others 
reference fine versus coarse sand. sand which will give great 
ultimate strength may unfit for use many cases, because imme- 
diate strength also required. The speaker’s experience with different 
sands, however, leads the conclusion that, all cases, not 
accurate say that fine sand poor and coarse sand good. 
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has found good fine sands and poor coarse ones. The measure 
efficiency any sand, would seem, the difference the relative 
sizes the grains composing it, rather than the actual maximum 
size some the grains; or, expressed differently, the absence 
voids, which are likely much less sand having grains 


with great range sizes than one which the sizes are more 
uniform. 


Am. Soc. E.—During the past two years 
more less comprehensive articles have appeared the technical 
periodicals mentioning this half-and-half mixture cement and 
tufa used extensive scale the Pacific Coast. The subject 
important one, interest engineers throughout the United 
States, and the speaker, therefore, was pleased see described 
thoroughly and comprehensively before Society. 

The high results tensile strength and the generally good behavior 
the laboratory tests, described fully this interesting paper, are 
obtained partly the chemical reaction and partly the process 
re-grinding the tube-mills the straight Portland cement mixed 
with tufa fineness greater than that generally required for 
Portland cement. this process the two materials are mechanically 
and intimately mixed and pulverized, which, course, could not 
done the mixing board. This applies tufa, puzzolan, 
slag. 

The question why fine sand, which generally known 
produce inferior mortar compared with coarse sand, this in- 
stance gives such high tensile strength, readily explained, and 
really the secret the whole process; due the re-grinding and 
intimate mixing process the grinding mills. 

The combination Portland cement with certain percentage 
puzzolan subject which occupies many minds the present 
day; and; whether tufa cement, slag cement, sand cement, 
cement mixed with diatomaceous earth, the speaker agrees with 
the author his statement: That the consumer should derive the 
benefit, product can furnished which cheaper cost and 
good quality. this the speaker would add: and provides the 
same degree safety structures occupied people, struc- 
tures otherwise dangerous insecure. must borne mind 
that large percentage the cement manufactured, perhaps the 
largest, used for concrete bulk, and for work lesser importance, 
and for this puzzolan cement will meet all requirements, and 
certain cases more satisfactory than straight Portland. 

natural that the cement manufacturers the Pacific Coast 
should oppose such radical step this, but certainly very 
short-sighted policy when the finished product, the concrete, claimed 
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the paper, has been proved free from defects, and continues 
give good results. 

Table summary the different classifications the work. 
not clear from this table that the tufa cement was used the 
construction the 91-ft. dam the Haiwee Reservoir. The paper 
describes its application for the lining canals, the covering 
conduits, and for pipes, tunnels, and reservoirs. The speaker would 
like know the engineers the Los Angeles Aqueduct made any 
discrimination against the use the tufa cement excluding 
from structures which possible defects would have serious conse- 
quences, causing loss life. Such discrimination would seem very 
natural, one can predict, the most elaborate and 
conducted laboratory tests, how new material, such 
made from this tufa cement, will stand the. course 
years. 

Mr. Wagoner’s personal opinion and expressions the views 
held some the engineers the Coast are not very 
encouraging, although not convincing, they reflect doubt 
the stability the work. hoped that several disinterested 
engineers who have given this work time and study will contribute 
liberally the discussion this paper. the author’s conclusions, 
which apparently agree with the results obtained Europe with like 
materials, the so-called trass cement, are borne out the test time, 
the knowledge this material and process cannot spread too soon 
for the benefit the Engineering Profession. 

There are, course, sections the country and many cement 
plants where proper materials this and similar composition 
are not available cannot obtained reasonable price, where 
benefit would derived deviating from the standard Portland 
cement practice. This fact, however, should not mitigate against those 
plants and those communities which would position benefit 
the combination referred to. 

Under the heading, “Other the author mentions 
that diatomaceous earth resembles the tufas their analyses and 
physical characteristics, and gives the result set tensile 
tests one-half monolith cement mixed with one-half diatomaceous 
earth. the Congress the International Association for Test- 
ing Materials, New York, 1912, paper .on this subject entitled 
“Diatom-Earth Puzzolan for Cement,” was presented Mr. 
Poulsen, Chief Engineer, the Danish Government Maritime Works. 
this paper Mr. Poulsen describes the favorable results has 
obtained mixing diatomaceous earth, proportions determined 
chemical analyses, with Portland cement clinker, the two substances 
being pulverized together the mill. The cement thus made has 
shown remarkably good results producing concrete which has 
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the property resisting very effectively the action sea water. 
Mr. Poulsen’s theory agrees with the author’s, far the labora- 
tory tests has conducted show that chemical reaction takes place 
between the cement and the diatomaceous earth. The free lime, 
which estimates constitutes 30% the weight Portland cement, 
and which sea water becomes the direct source disintegrating 
the concrete being transformed into calcium sulphate, combines 
with the silica hydrate and the alumina hydrate the diatomaceous 
earth. The diatomaceous earth which used contains: 


Soluble silicic acid 51.6 per cent. 


active substance available for the absorption the free lime 
the concrete. 

Mr. Poulsen’s paper also contains the results tests the tensile 
strength, the chemical relations, and the compressive strength 
mortars with and without puzzolan. these tests wishes point 
out the distinct advantage using diatomaceous earth, compared 
with the trass tufa, and the results agree essentially with those 
the author respect the advantage the leaner sand mix- 
ture compared with the richer mixtures. 

Mr. Poulsen’s statement that the cement when mixed with water 
contains free lime the extent 30% the weight Portland 
cement surprised the speaker, but, discussing this matter with his 
associate, Mr. Pontoppidan, Chemical Engineer, the latter confirms 
the presence considerable amount free lime mortars made 
from Portland cement, and explains the chemical reaction which takes 
place the following manner: 


ordinarily called slaked lime, crystallizes such long needles, 
and important giving the cohesive strength the mortar. When 
Portland cement mixed with tufa, trass, ‘Moler’ (diatomaceous 
earth), and then made into mortar with water, the alkali-soluble 
silica the tufa, trass, ‘Moler’ will enter into combination with the 
formed calcium hydrate, that this, instead crystallizing such, 
mono-calcium silicate, after this formula: 

This the same chemical process which gives the strength the 
sand-lime brick, made parts sand (silica) and two parts 
slaked lime; only, this case, the silica the sand not soluble, and 
prolonged storage superheated steam atmospheric pressure 
required effect the combination. 

“The alkaline water the desert countries contains, very often, 
potassium sulphate (K, SO,) and sodium sulphate (Na, these 
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salts are undoubtedly destructive Portland cement the 
manner the magnesium sulphate the sea water, and 
therefore reasonable assume that the admixture trass, tufa, 

the straight Portland cement will beneficial for 
concrete work these countries for sea-water works.” 


The paper entitled “The Effects Alkali Cement,” George 
Anderson, Am. Soc. E.,* mentions this very condition, and 
the discussion, attention directed remedies which may 
found using puzzolan cement rather than straight cement. There 
is, therefore, good reason not condemn offhand this adulteration, 
which for certain purposes may prove superior straight Portland 
cement and for others equally well adapted. The speaker fully 
aware the danger and the difficulty opened the introduction 
two more standards for cement. These difficulties, however, will 
gradually overcome the combination can prove its right ex- 
istence, that is, its technical and economical advantages. 
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AND OTHER LOSSES IRRIGATION SYSTEMS. 
Discussion.* 


Am. Soc. E.—Under the speaker’s direc- 
tion, lining was applied ditch near the Mokelumne 
River, California, 1912. test seepage loss, portion the 
unlined ditch was filled ft. deep with water; settled the 
rate per hour, and one day later there was depth water 
in. the ditch. This loss, comparison with the total quantity 
water carried the ditch, was small. The chief object the 
lining was avoid the numerous breaks caused gophers. 

there was local supply concrete material, the best bid 
obtainable was 9.7 cents per sq. ft. for 1:10 gravel concrete, in. 
thick. This was applied the dressed banks and kept wet watering 
with hose. Later, 1:2 grouting was washed over the surface. 
After two days, section the lined ditch was filled ft. deep with 
water for use the following section. One week later there was 
ft. water the lined the loss ft. being seepage and use. 
was not especially desired cut down the seepage loss, but rather 
stop perforation gophers, and, for this reason, well 
reduce costs, 1:10 mixture was considered.of ample strength 

was brought out the Hetch Hetchy public hearing, before 
Secretary Fisher, Washington, C., November 25th-30th, 1912, 
that all unlined ditches sustain considerable loss. Newell, 
Am. Soe. E., Director the Reclamation Service, conceded 
that losses the Turlock and Modesto, California, ditches and laterals 
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might reach from 45% the water turned into them, and that 
2-in. sand-cement lining might cut down the losses per cent. 

possible saving from 30% the water lining would 
only economic possibility when water high priced, when 
can used for high-priced crop like citrus fruits. For the 
ordinary crops, and present conditions Central California, does 
not appear yet that there any economic warrant for lining. 
the wealth the community increases, doubtless this will done, 
largely for the purpose extending the use the water over greater 
acreage, the areas good lands are greater than can present 
supplied with water. 
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PREVENTION MOSQUITO BREEDING. 
Discussion.* 


Gray, Jun. Am. Soc. (by mr. 
Within the short space this paper, the author has compressed con- 
siderable information the subject mosquito control. hoped 
that the paper will call the attention engineers the fact that, 
many instances design and construction, there are details which, 
overlooked, may the cause considerable annoyance account 
mosquito breeding. 

The writer gains the impression, reading this paper, that Mr. 
Miller’s experience with the mosquito problem has been obtained largely 
New Jersey and contiguous territory, where more problem 
nuisance than health. Considered national scale, however, 
mosquito control primarily problem health, and rural rather 
than urban. general, becomes urban problem only when there 
lax administration the municipal departments health and 
works. 

The author’s observations cesspools breeding places 
mosquitoes have been confirmed the writer many cases. par- 
ticular illustration this point came his attention two summers 
ago, town about 5000 population. that time sewer system 
was being constructed, and completion was expected September. 
that assumption, the residents did not keep their cesspools proper 
repair, view the expected expense sewer connections the 
near future, and large number cesspools were very bad con- 
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dition. June pest mosquitoes resulted, and required nearly 
month continuous work get the situation hand. Under 
ordinary conditions, however, cesspools, properly constructed and cared 
for, not breed mosquitoes. also significant that the Anopheline 
(malaria-transmitting) mosquitoes not breed cesspools, except 
rare instances. 

Mr. Miller has failed mention street gutters sources mosqui- 
toes. This common condition California, streets with prac- 
tically grade, especially the gutters are fouled with rubbish. The 
regular use broom would abate the nuisance. 

Railroad construction very often diverts obstructs the natural 
drainage the region through which the line passes. The Southern 
Pacific Railroad through Placer County, California, furnishes 
numerous examples. Between Auburn and Roseville this line the 
region intensely malarial, and the railroad contributes large num- 
ber breeding places. The difficulty has been caused the lack 
sufficient culverts, culverts improperly placed, and could have 
been obviated slight cost the time construction. portion 
this line has been greatly improved, partly ditching and partly 
filling the higher side the embankments. The writer would 
the attention engineers the fact that not the collection 
water considerable volume and depth behind embankments which 
responsible for mosquito breeding. This might occur culverts 
all were placed under high fill. the small, shallow pools which 
breed the Anophelines, and, prevent such slight accumulations, 
water culverts must placed more carefully than has been the custom. 

matter not mentioned the author, and probably the most im- 
portant engineering interest, the eradication mosquitoes and 
malaria irrigation projects. California, this problem decidedly 
prevalent, practically project the Sacramento-San Joaquin Val- 
ley being exempt. The establishment irrigation has often been 
marked either the introduction, the noticeable increase, 
malaria. projects are financed and executed commercial 
propositions, and anything that affects unfavorably the sale such 
lands means financial loss two ways, first, the selling value the 
land may depreciate, second, the sales may retarded, tying capi- 
tal for longer period than anticipated. Malaria very 
factor depreciating the value, and retarding the sale, land. 
regions which are potentially malarial, the engineers charge 
irrigation projects should investigate carefully the possibilities 
mosquito breeding, and the time construction make such pro- 
visions are necessary prevent the accumulation stagnant water. 
The writer hopes that members this Society who have had cope 
with such conditions will add their data the discussion this paper. 
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may stated, general proposition, that the misuse Mr. 
irrigation water, defective irrigation systems, and not irrigation 
itself, that responsible for mosquito breeding and malaria irri- 
gated lands. The writer need not call the attention this Society 
the fact that irrigation unaccompanied such drainage neces- 
sary remove promptly all excess water bad engineering and agri- 
practice, well unhealthful. California, attention 
this matter apparently seldom given. There are number cases 
record where whole districts have been ruined irrigation which 
there was provision for drainage, and certain large areas ‘the 
ground-water has been raised alarming extent. Under such con- 
ditions, mosquitoes and malaria become important factor retard- 
ing commercial and agricultural development. 
the writer’s opinion, the solution the mosquito problem 
irrigated projects lies the following measures: 


(1) Improvement, not obstruction, the natural drainage courses; 

(2) Adequate artificial drainage; 

(3) Prevention seepage from ditches, with its resulting collec- 
tion water adjoining low areas; 

(4) Proper leveling surfacing the land, eliminate small 
low areas; 

(5) Maintenance canals, ditches, and drains free from obstruc- 
tions flow; 

(6) Strict regulation the use water, avoid excessive use 
and waste; 

(7) The use oil larvicides isolated collections 


stagnant water which are too small temporary require 
drainage. 


With the author’s selection the county proper unit mos- 
quito control operations the writer heartily concurs, but with the condi- 
tion that the field the county’s operations shall not include incorpo- 
rated cities. The city problem, far local breeding concerned, 
best handled the city health department. The advisability special 
county mosquito extermination commission questionable. The writer 
does not deny that New Jersey, where the mosquito problem 
largely due salt marshes, special commission may advantageous; 
but the average mosquito problem very directly one public health, 
and, therefore, should part the work the county health office. 
The writer convinced that, general rule, the appointment 
special commissions unnecessary multiplication executive 
bodies the county government. may objected that the average 
county health department inefficient, and that does not argue well 
for the success anti-mosquito measures trust them such 
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department. This may granted, but, the other hand, may 
argued that department county government, the average, 
remarkable for its intelligence and efficiency, that there assur- 
ance that special commission will show greater efficiency than the 
existing component parts the county government, and that the in- 
crease executive bodies under such conditions can only result 
duplication functions and still greater inefficiency. 
government obtained concentration, not dispersion, func- 
tions and authority. 

California, spite need for anti-mosquito work over 
very large area, practically nothing has been done the county gov- 
ernments. The only attempt this direction, far the writer 
aware, has been the passage ordinance the Board Super- 
visors Tehama County. This ordinance was constructed the 
writer, and was designed club the hands certain irrigation 
company which trying, with fair success, eliminate malaria its 
project. The county officials have provided funds for the enforce- 
ment this ordinance, although the economic loss this county from 
malaria certainly not less than annually. The expenditure 
$5000 annually the county for the administration anti- 
mosquito work (the cost drainage fall the owner the land 
benefited) would make possible practically wipe out this economic 
loss years, with net economic saving this period 
$330 000. 

With the author’s statement, that “The civil engineer has 
opportunity serve his fellow men and vast amount good work 
the prevention mosquito breeding, acquires the knowledge 
now available their breeding habits,” the writer can agree only 
within certain limits. believes that engineers, simply engineers, 
are not qualified undertake executive capacity the direction 
anti-mosquito measures magnitude, such work, for highly 
successful prosecution, requires marked abilities educator and 
publicist, well unique combination thorough knowledge 
engineering, parasitology, hygiene, vital statistics, law, and govern- 
ment. The remarkable abilities Sir Ronald Ross illustrate the point 
question. the same time, engineers can render distinct and 
valuable service making certain that the works they design and 
construct not become, through mosquito breeding, menace the 
health and comfort the people. 


deeply interested this paper, has experienced much unpleas- 
antness from this pest Corregidor Island, Philippines, military 
post about miles square. The houses are screened, but only using 
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mosquito nets the beds can.one insure any sort protection from 
these insects night. 

About four years ago, before active construction was commenced, 
and when there were fewer inhabitants, there was trouble from 
mosquitoes. The rains, producing pools natural depressions, were 
heavy then now, that the influx the pest must have been 
due the numerous uncovered wooden water tanks and barrels intro- 
duced the Engineers and the Quartermaster’s Department, 
wherever work was going on. effort now being made eliminate 
the insects destroying all unnecessary water receptacles and build- 
ing reinforced concrete covered reservoirs with screens over all 
openings. 

The Island Caballo, about half the area Corregidor, and only 
mile south it, offers pleasing contrast. this place, when con- 
struction was begun the Engineers, all water receptacles were 
kept covered, and care was taken prevent the accumulation any 
stagnant water, hence the mosquito has not yet found home there. 

Manila the pest still breeds heavily, due, part, the unclean- 
liness the natives and inadequate sewerage and water connec- 


tions, especially the localities where the nipa (palm-leaf) and bam- 
boo huts still abound. 


mosquitoes various localities the State the writer’s department, 
him that the engineer may play very important part 
the control mosquito breeding, because much purely 
local. thoroughly convinced, for instance, that the incidental 
pool, roadside other, more important factor 
mosquitoes than the larger bodies water frequently viewed with 
distrust the general public. engineer has much say 
methods, all undertakings where his services are necessary, and 
frequently happens that very little additional expense re- 
quired eliminate small collections water, sometimes ignored 
members that Profession. 

The writer particularly interested Mr. Miller’s reference 
sewer catch-basins and the possibility eliminating mosquito breed- 
ing such places. has occurred him that, better method 
could devised, would comparatively easy suspend over the 
water the catch-basin, small container filled with 
petroleum other oil and adjusted such way drip slowly 
for extended period. This device, modified form, has been used 
most successfully certain tropical regions where thorough drainage 
was impractical. The same idea could applied cesspools, and also 


Mr. 


Mr. 


Felt. 


154 DISCUSSION PREVENTION MOSQUITO BREEDING [Papers. 


cisterns, the water from the latter was taken from below the 
surface. 

The writer heartily endorses the idea extending mosquito control 
over considerable areas. There more less migration drifting 
these annoying forms, and, the more extended the work, the better 
will the results whole. The communities along shore lines, 
particularly regions extensive marshes, are more interested than 
those farther inland, which may rarely annoyed migratory forms, 
such the banded salt-marsh mosquito. While would desirable 
have the unit for mosquito control coincident with county lines, 
under conditions such mentioned above, would seem probable 
that greater efficacy would secured the co-operation townships 
communities suffering from similar conditions. difficult, for 
example, for inland residents appreciate the desirability large 
expenditures for the control marsh forms practically unknown 
their own locality. 
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THE SANITATION CONSTRUCTION CAMPS. 
Discussion.* 


one very timely interest, its only fault being its brevity. The 
writer has had occasion witness the good effects camp sanitation, 
well install certain sanitary appliances camp 4100 
men, under unfavorable climatic and drainage conditions. The sub- 
ject one which deserves expanded, and should receive the care- 
ful attention the Profession. 

some camps which the writer has seen, the conditions approach 
those which must have existed the Middle Ages, and now exist 
the less enlightened portions the world. the provincial districts 
the Philippines, for instance, Americans are horrified see prac- 
tically all human waste consumed hogs kept the back yards 
nearly all the native shacks; yet they view with apparent equanimity 
the promiscuous deposition fecal matter around camp wherein 
the services our porcine friends are not available. 

The writer once met American Hong Kong who solemnly 
swore total abstinence from fish because had seen Canton, China, 
fish pond wherein the fish were fed, part, from privy built over 
the edge the pond. Yet we, home, empty our raw, untreated 
sewage into our rivers from which fish are taken for the table, and 
thousands instances privies are built over streams and ponds, 
the case the Buddhist monastery Canton; and yet “the pot 
called the kettle black.” The Cantonese did not use the pond for 
water supply; use our rivers for that purpose. 
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carry the comparison still farther: The writer has seen 
Chinese cities huge tubs along the streets use “public comfort 
stations.” great many cases, these “stations” overflow into the 
streets; yet this not much worse than conditions some construc- 
tion camps where latrine trenches are dug, left open the light and 
air, and flies, and allowed fill without destructive disinfective 
treatment. any kind. 

think the Chinese race and nation very filthy one, but 
the filth only matter comparison. The Chinese have yet 
educated high sanitary standard, while have educated 
the pre-eminence health over dollars. 

The writer has brought this subject the attention the Pro- 
fession short article* containing rules for the use the various 
appliances described and illustrated. They differ slightly form from 
Mr. Gray’s, but cover the same ground. The method, however, 
minor import. 

Perhaps the greatest arguments for camp sanitation are found 
the records made the Canal Zone, Cuba after the Spanish- 
American War, the various maneuver camps the United States 
army recent years, and, notably, the work the Japanese Medical 
Corps the war with Russia. One has but compare these with the 
history the French Company Panama and the disgraceful record 
the Medical Corps during the Spanish-American War, 
Chickamauga, Jacksonville, and elsewhere. 

Mr. Gray dwells only the baser financial side “the value 
sanitation.” course, this the only thing which will appeal 
the average camp executive, but should not, engineers, also 
moved the more altruistic motive helping the ignorant foreigner, 
who makes the bulk our camp population, attain, example 
and precept, the standard living the Americans with whom 


Spencer Am. Soc. Gray’s paper interest- 
ing and valuable. 

Government contractor, building lock and dam one the 
Western rivers, recently informed the speaker that outbreak 
malaria his camp had nearly cost him the profit his contract. 
Malaria and malarial fever disorganized his camp completely that 
found practically impossible keep full force men work. 
New men arriving take the places sick ones would shortly 
succumb the disease; others fled from the camp. was only after 
this had continued for considerable time that the contractor sought 
relief from sanitary expert. The outbreak malaria was attributed 
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directly the presence the malarial mosquito. The camps were Mr. 
thoroughly fumigated and screened. The sick were properly guarded 
against the The immediate vicinity the camp was 
cleared up. The rank growth was mown down. Ditches were dug and 
drainage operations were carried out thoroughly. Every receptacle for 
holding water was either emptied, destroyed, oiled regularly. Shortly 

the trouble disappeared. The camp became healthy and profitable 

one. All which illustrates that pays sanitary. 


| 
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will reproduced the volumes Transactions. Any information 
which will amplify the records here printed, correct any errors, should forwarded 
the Secretary prior the final publication. 


ANDREW BELL, Am. Soc. E.* 


Diep 22p, 1912. 


Andrew Bell was born Toronto, Ont., Canada, December 
1835. His father, the late Rev. Andrew Bell, was the eldest son 
the Rev. William Bell, the pioneer clergyman Perth, Ont., and 
the surrounding country. His mother was the eldest daughter 
the late Col. Thomson, Toronto, cousin Baron Sydenham, 
who was Governor Upper Canada the time consolidation 
the provinces. 

Mr. Bell was educated Queen’s College, from which was 
graduated 1853 with the degree Immediately after his 
graduation was articled Mr. William Syles student Civil 
Engineering. 

February, 1854, was appointed Rodman the survey 
the Brockville and Ottawa Railway (now part the Canadian Pacific 
Railway) from Smith’s Falls Carleton Place, and Perth. This 
work was discontinued 1855, and Mr, Bell was engaged making 
surveys, under Tully, Esq., for the proposed canal from Toronto 
Georgian Bay. 

July, 1856, was appointed Resident Engineer the Brock- 
ville and Ottawa Railway, which position retained until 1859, hav- 
ing been engaged the following work: 1856 surveyed and 
located the line from Brockville Smith’s Falls; October the 
same year, was sent Almonte, Ont., and placed charge 
the construction, under the late Alphonse Brooks, from Carleton Place 
Pakenham; and from 1857 1859, was charge the surveys 
from Sand Point Pembroke and the completion the construc- 
tion between Carleton Place and Almonte. 

Between 1864 and 1869, Mr. Bell had charge the construction 
the large woolen mills Almonte and Cornwall, Ont., being en- 
gaged, the same time, general private practice. 1869 made 
survey between Lake Superior and Lake Winnipeg for the 
Dominion Government. 

June, 1870, was appointed Resident Engineer the enlarge- 
ment the Grenville Canal, remaining this position until June, 
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1872, when became Resident Engineer the construction the 
Carillon Canal Dam and Slide. After the completion this work, 
1886, Mr. Bell removed Almonte, Ont., where, until his death, 
was engaged private practice Civil Engineer, Land Surveyor, 
and Architect. While engaged survey the country east 
Cochrane, the Grand Trunk Pacific Railway, was taken ill and 
was forced return his home Almonte, where died 
October 22d, 1912. 

1858, Mr. Bell was married Miss Marion Rosamond, eldest 
daughter the late James Rosamond, Almonte, who, with five 
children survives him. 

Mr. Bell was elected Member the American Society Civil 
Engineers September 5th, 1883. was also Member the 
Canadian Society Civil Engineers, and many other technical 
associations. 


WILLIAM BELL WHITE HOWE, Am. E.* 


Diep 1912. 


William Bell White Howe was the eldest child William Bell 
White Howe who was originally from Claremont, H., and who, 
after studying for the ministry, went South Carolina his early 
manhood and became Bishop the Episcopal Diocese that State. 

William Bell White Howe, Jr., was born Charleston, C., 
November 2d, 1851. After graduation Charleston College 
applied himself the Civil Engineering Profession, and, after some 
preliminary experience railroad surveys Texas, was employed 
Assistant Engineer the harbor improvements Charleston 
under the United States Engineer Corps. From 1876 1879 was 
member the firm Simons and Howe, Civil Engineers and 
Architects, Charleston, and was Architect the William Enston 
Home, that city, well Chief Engineer the Charleston Bridge 
Company. 

Mr. Howe then became associated, Assistant Engineer and after- 
ward Chief Engineer, with the system railroads extending from 
Charleston into Georgia, Florida, and Alabama, popularly known 
“The Plant System.” was instrumental the substitution 
iron bridges for wooden ones throughout the system, and also the 
planning and construction terminal stations and docks Charles- 
ton, and Savannah and Brunswick, Ga. this system 
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railways was extended the several States above mentioned, 
was Chief Engineer construction well. 

His ability engineer was made evident the design and 
construction the terminal station Jacksonville, Fla., and more 
especially the great work accomplished Port Tampa, where 
deep-water harbor was established shoal nearly mile from shore 
Tampa Bay. This harbor and system docks afforded the best 
facilities for ocean traffic the entire west coast the Gulf 
Mexico, and was made memorable the base operations against 
Cuba during the Spanish-American War. auxiliary enterprise 
“The Plant System”, Mr. Howe converted the street railway 
system Jacksonville, Fla., into electric railway, and built 
power-house. also planned the enlargement the commercial 
docks Key West, Fla., and the ocean pier Palm Beach: Later, 
withdrew from the more active pursuit his Profession, and resided 
Spartanburg, C., where interested himself architectural 
work and water-power projects. 

Mr. Howe was that turn mind which particularly adapted 
career civil engineering. With considerable general culture, 
was close student every branch the Profession which 
was engaged. His early training architect was advantage 
planning important terminal structures, and, connection with 
the works Port Tampa and the Jacksonville Street Railway, 
became well qualified electrical engineer. His researches into 
the properties cement were recognized his appointment 
member the Special Committee Uniform Tests 
the American Society Civil Engineers 1897. 

Only occasion called for was Mr. Howe’s innate ability 
made manifest, for reserve due.to modesty screened his attainments 
from the observation those who did not know him well; but, 
reason his conscientious discharge duty and his unvarying kind- 
ness demeanor, his more intimate acquaintances became warmly 
attached him; and one appreciated his personal qualities more 
than the writer this memorial, with whom was closely associated 
for many years. the spring 1911, his failing health caused him 
retire his summer home Flat Rock, C., where died from 
cerebral hemorrhage February 11th, 1912, the sixty-second year 
his age. 

Mr. Howe married Miss Louisa Preston King, granddaughter 
the Hon. Mitchell King, the South Carolina bar, who survives him. 
Hendersonville, 

Mr. Howe was elected Member the American Society Civil 
Engineers March Ist, 1893. 
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WILLIAM HASELTON PUFFER, Am. E.* 


Diep 1912. 


William Puffer, the son the Reverend John 
and Anna Haselton Puffer, was born May 3d, 1861, Essex, 
attended the village schools until his fifteenth year, when, 
the death his father, the family moved Chelsea, Vt., where 
took the management farm and the support the family. 

Mr. Puffer was not able resume his schooling until was 
years age. then attended the Bradford Academy and later 
the St. Johnsbury Academy where was prepared for college. 
entered Dartmouth College 1887 and the Thayer School Civil 
Engineering 1890, and was graduated from the latter 1892. His 
struggles obtain education took him past the usual age for gradua- 
tion from engineering school, but the time was not lost. His early 
experience with adversity strengthened his will, broadened his character, 
and supplied him with stock common sense and practical ex- 
perience which was great value his engineering work. 

After his graduation, Mr. Puffer was employed general railroad 
work with the Atchison, Topeka and Santa Railroad until late 
1893, when became Assistant Engineer charge construction 
for the Mexico, Cuernavaca and Pacific Railroad. the summer 
1895 served Engineer for Sooysmith and Company, charge 
the foundations for the Cathedral St. John the Divine, New 
York City. returned railroad work and, until 1897, was 
charge party the relocation center lines for the Boston 
and Maine Railroad. 

the summer 1897 Mr. Puffer again entered the employ 
Sooysmith and Company and was engaged the construction the 
foundations for the Empire Building New York City. the 
fall 1897 entered the service Joseph Cody and Company, 
Engineer shoring and deep foundations. During 1898 had 
charge concrete work for the Government Fort Hamilton, 
and for the next two years was for the New York 
Zoological Society. 

1901 was employed John Ferguson Superintendent 
construction the plant for the Alsen Portland Cement Company, 
Alsen, After 1902, was engaged many mining enter- 
prises Mexico. was Manager the Tula Mining Company, 
Guanajuato, Mexico, from 1906 1912, and one the Directors 
the Company from its incorporation. was also Manager 
the Guanajuato Amalgamated Gold Mines Company, 1909 and 1910. 
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While his way Carlsbad, Mex., Mr. Puffer was stricken 
with cerebro meningitis, and died, after illness two days, 
Pecos, Tex., March 17th, 1912. 

September, 1892, was married Helen Davis, Troy, 
Vt., who, with three children, survives him. 

Throughout his life Mr. Puffer impressed friends, employers, and 
employees with his sterling uprightness character, his kindness, his 
ability and good judgment, and his loyalty duty. 

Mr. Puffer was elected Member the American Society Civil 
Engineers May 3d, 1905. 


JAMES HUGH WISE, Assoc. Am. Soc. E.* 


16TH, 1912. 


James Hugh Wise was born Denver, Colo., February 27th, 
1880. his father was engaged mining, the young man spent 
the first ten years his life various parts New Mexico; 
was then brought San Francisco, Cal. During the next five years 
attended the schools that city and Alameda, and then entered 
the California School Mechanical Arts, San Francisco, from 
which was graduated June, 1899. that year entered the 
University California, and received his degree from the College 
Mines June, 1903. 

During the following year Mr. Wise taught mathematics the 
California School Mechanical Arts, resigning June, 1904, 
enter the employ the California Gas and Electric Corporation, now 
the Pacific Gas and Electric Company. His rise responsibility was 
strikingly rapid. continued with the Corporation until February, 
1910, when resigned become partner Baum and Com- 
pany, Consulting Engineers. July, 1911, Mr. Wise again entered 
the employ the Pacific Gas and Electric Company, this time 
Assistant General Manager, which position held the time his 
accidental and tragic death. was inspection the Los 
Angeles Aqueduct automobile. While the southern end the 
San Joaquin Valley, was found that the gasoline tank was leaking, 
and stop for repairs was made garage. While assisting 
empty the tank, accidentally fell, and Mr. Wise was saturated with 
the liquid. The day was exceedingly hot, and the gasoline vapor was 
ignited torch burning distant part the garage. Before 
the flames could extinguished, Mr. Wise was burned severely 
that died Oakland the following day. 
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his relatively short career, had held number distinctly 
responsible positions. Among his earlier works may mentioned 
the reconstruction the Centerville Plant the Pacific Gas and 
Electric Company, which consisted the enlargement the conduits, 
the rebuilding the power station, and the installation turbine 
operating generator under 600-ft. head. had 
charge the erection 5000-kw. generator Colgate, and 
similar work for the Deer Creek Plant the Pacific Gas and Elec- 
tric Company. 1909, the Lake Arthur Dam was constructed under 
his supervision. 

the time his death, Mr. Wise was direct charge the 
design and construction large hydro-electric power plant for 
his Company. This work included masonry dam, more than 300 ft. 
high, store the waters Lake Spalding. The conduits, pipe lines, 
buildings, machinery, and steel tower transmission line the plant 
were proportioned generate 000 kw. 

Mr. Wise, account his kindly nature, was uniformly liked 
all who met him, had exquisite tact, most courteous manners, 
and, very high degree, the power command loyal service and 
friendship from others. The writers, speaking for themselves and 
for many who knew him, remarked with pleasure his rapid rise 
responsible position, and they take this occasion express their deep 
respect for the noble character friend whose death cause for 
profound sorrow and regret. was Mason, was unmarried, and 
survived his mother who lives Berkeley, Cal. 

Mr. Wise was elected Associate Member the American Society 
Civil Engineers, February 6th, 1907, and, the time his 


death, was Vice-President the San Association the 
Society. 
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EXPERIMENTS WEIR DISCHARGE.* 


The experiments discussed this paper were made the writers 
the experiment station the Boise Project the United States 
Reclamation Service during 1911 connection with duty water 
investigations for the project. The project experiment station 
the main canal the Boise Project, near Boise River, point 
about miles above Boise, Idaho, and was built the fall 1910. 

The water used for this station diverted into from the 
main canal double turn-out consisting two 18-in. concrete 
pipes, each controlled separately gates the bank the main 
shown Fig. The forebay weir pool ft. square 
the bottom, ft. deep, and has side slopes 14.to The bottom 
this bay ft. below the bottom the main canal. adjustable 
divides the forebay into two parts. The sides the 
pool above the baffle are rip-rapped with large stones order pre- 
vent the water from washing the banks issues from the turn-out. 
Below the baffle the water quiet, and rip-rap needed. 


*This paper will not presented any meeting, but written communications 
the subject are invited for publication with Transactions. 


Asst. Engr., Reclamation Service, Boise Project, Boise, Idaho. 
Junior Engr., Reclamation Service, Boise Project, Boise, Idaho, 
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canal having bottom width ft. carries the water about 
318 ft. from this forebay the upper end timber flume, ft. wide 
and ft. deep. This flume section extends for ft. and then divides 
into two sections equal width right angles with each other 
and located that the center line each makes angle 45° with 
the center line the main flume. The left branch leads concrete 
measuring tank; the right branch leads Boise River, and acts 
wasteway. set gates each branch controls the flow 
water, diverting into the tank into the river, may desired. 
There are two gates each set, large one hinged vertical 
post set just enough off center cause the water pressure keep 
closed, and small water-tight one hinged the floor and held 
vertical position hinged brace fastened one the cross- 
pieces top the flume. water-proof canvas nailed the sides 
and floor the flume and this gate, with enough extra material 
the ends, that the gate can operated without difficulty. The 
large gate serves stop most the flow, thus making easier 
operate the small one. The closing one set gates requires from 
sec. There was difficulty operating the gates, and they 
proved very satisfactory and efficient. 

This gate heading was caulked and coated with tar preparation, 
and leakage could detected, either through the flume the 
gates. The upper portion the flume, between the gates and the weir, 
acted storage basin for the water between the time closing 
one set and the opening the other. The weir was set high enough 
above the flume floor that the water which backed between the 
shutting and opening the gates did not cause any submergence 
the weirs. the case where the weirs were set the upper heading, 
the flume and acted the storage basin, and effect the 
weir discharge resulted. 

obtaining the intervals for the various runs, the time was 
recorded the closing the gates the wasteway the beginning 
the run and the closing the opposite set the end the experi- 
ment. Thus the only possible error that might enter into the results 
would the difference times required for closing, which the 
most was about sec. 


The measuring tank set into the ground ft. The 
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bottom 51.95 ft. square, and the side slopes are batter 
The walls and the floor are in. thick, and have finish- 
ing coat which troweled very smoothly. The walls are perfect 
alignment, and present uneven surfaces any sort. facilitate 
measurements, the lower part the tank divided into three com- 
partments 6-in. walls, ft. high. These are connected gates 
which are operated from walk above the tank. The discharge from 
the tank into the river 

made through two 18-in. 
pipes which are controlled 
gates set the tank 
wall. The tank was cali- 


brated accurately meas- 
urements, and had 
ity 24000 cu. ft. 
number tests were made 


Movable pieces fastened 


No.16 Gauge 
for leakage from the tank, 


but appreciable quantity 
could detected. 

weir heading was con- 
structed the head the 
flume and was used for the 


Mounting for Hook-Gauge 


Plank. 


SHOWING 
6-in. and 1-ft. weirs. CONSTRUCTION 
second weir heading was set HOOK-GAUGE 
canal takes out the fore- Lugs 


bay. This heading was used 
for the 2-ft. and 3-ft. weirs, 
and was such size 
permit 6-ft. weir set 
it. Both these headings 
were caulked with oakum Fia. 
and tarred, that leakage whatever occurred. 

Hook-gauges were set above each weir heading, and third one 
the measuring tank. 

the case the upper heading the forebay, stilling-box, 
ft. square, was set back into the bank, with 3-in. pipe leading out 
into the forebay about ft. above the weir, The hook-gauge was 


Lag-bolt 
H used as a 
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attached the inside the stilling-box, and the head the weirs 
was observed above the effect the velocity approach. 

The stilling-box for the lower weir the flume heading was 
the same size above; was set back the bank the canal, 
ft. above the weir, and was connected with the canal 
pipe. The hook-gauge was set the manner just described. 

The hook-gauge used the measuring tank was placed stilling- 
box, ft. square, fastened one the division wall buttresses 
Compartment No. and operated from the plank walk. 

These hook-gauges, Fig. consisted 2-in. strip with 
hook fastened the lower end, sliding between two similar 
2-in, strips. length steel tape, reading hundredths foot, 
was tacked this sliding strip. vernier was screwed small 
block, and the block was then nailed one the strips that 
the vernier edge almost touched the steel tape the sliding strip. 
This enabled the observer read accurately thousandths foot. 
order hold the slide place, set-screw was attached one 
the strips, and, turning it, the slide was forced into close 
contact with the opposite strip and held firm. position the 
gauge about ft. above the ground walk which the observer 
stood, the two nailed strips were cut away for distance in., and 
their place two strips, considerably shorter than those removed, 
and fastened together metal plate, were inserted. lever was 
fastened block nailed the plank holding the gauge point 
opposite the center the opening, and was also fastened the metal 
the small double slide with screw. set-screw was attached 
the outer strip the double slide. Thus, turning this set-screw 
against the single slide holding the steel tape and forcing against 
the opposite strip the double slide, the single slide could moved 
and down the lever, the hook could brought the proper 
position, and the slide was then clamped the first The 
reading could then taken. This lever enabled the observer set 
the gauge very quickly and also very accurately. These gauges were 
made the writers, and served their purpose very effectively. 

The weir experiments consisted calibrations 6-in., 1-ft., 2-ft., 
and sharp-crested Cippoletti and rectangular weirs with full con- 
traction. The experiments sharp-crested Cippoletti and rectangular 
weirs were made, not with the idea obtaining new general formulas 
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for weirs, but for the purpose testing the general weir formulas 
and ascertaining whether they are applicable the weirs the Boise 
and other projects the Reclamation Service, and, necessary, 
preparing rating tables for the weirs tested and formula table 
which accurate discharges might obtained for range weirs and 
heads above the limits previous experiments. 

The crests all the weirs were set about ft. above the canal 
bottom. The 6-in. and 1-ft. weirs were located the center the 
8-ft. canal the flume heading. The 2-ft. and 3-ft. weirs were located 
the head the canal, and took the water directly from the 30-ft. 
forebay. The gauges were set far enough above the weirs free 
from the effect velocity approach. the flume heading, 
baffles were placed the canal just below regulating gate, and 
planks were laid the water away with any surface disturbances. 
very even and uniform flow resulted, with appreciable velocity 
approach except one two high heads the 1-ft. Cippoletti 
weir. the case the weirs used the upper heading, the regula- 
tion was obtained with the gates the main canal. Very little trouble 
was experienced after the water had settled the pool. The water 
the main canal was from ft. depth over the gates, and any 
slight variation head did not affect the discharge the pipes 
appreciably. The hook-gauges above the weirs were read every sec. 
throughout the length runs, which varied from min. hour, 
depending the head. The average the readings gave the gauge 
height for each particular run. The different compartments the 
tank were used the discharge increased. For the low heads and 
smaller weirs Compartment No. was used. the head increased, 
Compartments Nos. and were used, and, for the large heads, the 
entire tank was utilized. trouble was experienced reading the 
gauges thousandths foot. 

Weirs—The experiments Cippoletti weirs are divi- 
ded into five parts: (1) the 6-in. weir; (2) attempt 
determine the shape the 6-in. weir discharge according the 
Cippoletti formula; (3) calibrations the 1-ft. weir; (4) calibrations 
the 2-ft. weir; and (5) calibrations the 3-ft. weir. 

the 6-in. weir, twenty-four runs were made with heads ranging 
from 0.161 0.945 ft. The maximum variation gauge height 
during any run was 0.024 ft. appreciable velocity approach 
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0.225 100 913 0.179 3.352 

4 0.336 0.002 | 6 3 9385 1 365 0.347 8.562 

8 0.77 0.005 | 6 1 365 1 905 1.396 4.132 

0.941 880 739 1.976 4.329 

14 0.940 9.009 6 970 1 918 1.977 4.338 

15 0.945 0.005 6 900 1 793 1.992 4.337 

16 0.774 0.001 6 1380 | 1 939 1.405 4.126 

17 0.715 0.000 6 1 165 1 428 1.226 4.055 

0.600 0.000 945 856 0.906 8.898 

19 0.400 0.000 6 990 460 0.465 3.676 

20 0.830 0.000 6 1 200 1 897 1.581 4.181 

21 0.667 0.000 6 12 1 292 1.077 8.954 

0.594 0.010 480 759 1.581 3.454 

3 0.588 0.005 12 480 744 1.550 3.487 

0.518 0.001 480 609 1.269 

5 0.482 0.002 12 600 687 1.145 8.422 

0.409 0.002 600 0.888 

0.302 0.001 600 0.558 3.361 

0.138 0.001 200 205 0.171 3.383 

0.840 0.019 510 413 2.771 3.599 

0.846 0.002 600 683 2.805 

0.659 0.006 540 017 1.883 

0.693 0.002 600 222 3.530 

0.815 600 587 2.645 8.595 

15 0.927 0.004 | 12 600 1 958 3.268 3.656 

16 0.992 0.003 | 12 600 2 189 3.648 8.692 

17 1.097 0.0038 12 600 2 591 4.318 3.758 

1.219 0.003 600 097 5.162 

20 1.886 0.002 12 360 2 333 6.481 8.971 

1.476 0.004 360 604 4.084 

24 1.604 0.000 12 360 8 014 e 8.372 4.121 

1.721 0.008 836 9.453 4.186 

1.853 0.008 800 227 10.757 

1.897 0.002 270 042 11.267 4.312 

1.978 0.009 240 2915 12.145 4.366 

0.066 0.003 146 0.122 3.588 

0.186 0.002 662 0.552 8.441 

0.317 0.000 600 1.212 

0.318 0.002 600 1.212 3.380 

0.430 0.002 600 146 1.910 3.386 

0.488 0.008 600 1.953 3.368 

0.526 0.001 600 550 2.583 

0.601 0.002 600 890 3.150 3.380 
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TABLE 1.—(Continued.) 


height. height. inches. seconds. feet. 
0.588 0.001 600 824 8.040 
0.668 0.008 600 235 8.725 
0.004 600 257 5.428 8.445 
0.854 0.004 600 266 8.448 
1.086 420 227 7.921 8.499 
1.090 0.008 420 359 7.998 8.514 
1.238 0.006 830 234 9.800 
1.484 0.011 600 871 18.118 8.628 
1.425 0.010 600 350 12.250 
1.598 0.007 680. 391 3.689 
1.816 0.017 540 822 18.189 3.719 
1.852 0.016 480 004 18.758 8.722 
1.987 0.010 660 981 21.092 
0.008 900 949 1.054 8.874 
0.178 0.001 900 461 0.512 8.409 
0.154 0.003 200 502 0.418 8.455 
0.059 0.002 800 201 0.112 8.889 
0.084 0.001 660 178 0.047 8.730 
0.172 0.002 200 883 0.736 8.436 
0.170 0.002 200 867 0.722 
0.082 600 909 0.252 8.574 
0.302 0.000 600 025 1.708 8.430 
0.609 0.004 600 920 4.867 8.414 
0.500 0.001 600 164 3.607 8.400 
0.460 0.006 480 521 8.386 
0.297 0.002 600 989 1.648 8.398 
0.180 0.002 900 438 0.487 3.461 
0.090 0.001 260 0.281 8.469 
0.216 0.001 900 924 1.027 8.410 
0.444 0.002 600 798 2.988 3.366 
0.598 0.008 600 831 4.718 3.400 
0.844 0.005 600 7.940 8.413 
0.994 0.008 600 146 8.445 
1.167 0.005 600 796 12.993 
1.410 0.007 860 262 17.894 
1.928 0.006 404 28.018 8.502 
2.065 0.008 800 418 81.398 


existed during this experiment, and the end contractions and the shape 
the nappe were not disturbed any manner. Compartment No. 
the measuring tank was used entirely during the calibrations 
this weir. 

Plate XXIII shows the gauge height and discharge curve and 
Table gives the actual discharge for each ft. gauge height. 
Plate XXV discharge curve from which will 
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seen that three distinct parabolas exist the discharge curve, instead 
one. This logarithmic curve was used determining the proper 
plotting the gauge height discharge curve. The equations the 
different parabolas were determined shown Table also the 
gauge height which the change equation takes place, and the 
proportional part that this gauge height the crest length. 


TABLE 2.—GAUGE HEIGHT AND DISCHARGE FOR 6-INCH 
CIPPOLETTI WEIR. 


Gauge Cippoletti Actual Percentage Gauge Cippoletti Actual Percentage 


0.00 0.00 0.51 0.691 
0.01 0.002 0.52 0.713 
0.02 0.005 0.53 0.735 
0.08 0.009 0.54 0.758 
0.04 0.018 0.55 0.781 
0.05 0.019 0.019 0.56 0.805 
0.06 0.57 
0.07 0.081 0.58 0.855 
0.08 0.088 0.59 0.880 
0.09 0.045 0.60 0.782 0.906 15.86 
0.10 0.61 0.982 
0.11 0.061 0.62 0.959 
0.12 0.070 
0.18 0.079 0.64 
0.14 0.088 0:65 1.048 
0.15 0.098 0.66 1.071 
0.16 0.108 0.67 1.099 
0.17 0.118 0.68 1,128 
0.129 0.69 
0.19 0.189 0.70 0.986 1,186 20.28 
0.20 0.151 0.151 0.71 1,215 
0.21 0.162 0.72 1,245 
0.22 0.174 0.73 
0.238 0.186 0.74 1,805 
0.24 0.200 
0.25 0.214 1,90 0.76 
0.26 0.228 0.77 
0.27 0.248 0.78 1,429 
0.28 0.258 0.79 
0.29 0.80 1.205 1,492 23.82 
0.30 0.277 0.288 8.97 0.81 
0.31 0.304 0.82 1.557 
1.590 
0.38 0.84 
0.34 0.354 0.85 1.657 
0.35 0.86 1,691 
0.36 0.889 0.87 1.726 
0.37 0.407 0.88 1.761 
0.38 0,425 0.89 1.796 
0.39 0.444 0.90 1,882 
0.40 0.426 8.69 0.91 
0.41 0.482 0.92 1,904 
0.502 0.98 1.940 
0.522 0.94 
0.44 0.542 0.95 2.012 
0.45 0.508 0.563 0.96 2.048 
0.46 0.584 0.97 2.084 
0.47 0.605 0.98 2.120 
0.48 0.626 0.99 2.157 
0.49 0.647 1.00 1.683 2.194 80.36 
0.50 0.595 0.669 12.45 
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number runs were made determine the shape weir 
that would discharge according the Cippoletti formula. Plates were 
screwed the face 6-in. Cippoletti weir, and general shape 
was determined. The shape obtained, Fig. was series reverse 
curves waves, and seems practical value. 

The 1-ft. Cippoletti weir was placed the flume heading, and the 
flow was regulated special gates. The gauge heights this weir 
ranged from 0.138 1.978 ft., 
with maximum variation 
gauge height 0.019 ft. for any 
run. corrections were made 
for velocity approach, the 
correction was only 
0.002 ft. for the highest head 
1.978 ft. over the weir. The effect 
the lower heads was not appre- 
ciable. all cases there was 
full contraction and free nappe. Shape weir crest developed 


giving discharge almost 
identical with the Cippoletti 
also shown Plate was formula 


plotted with the assistance 


gauge height discharge curve, 


curve, described 
for the 6-in. weir. Table gives 
the discharge for each ft. 
gauge height. Compartment No. 
the tank was used for the 
lower heads, and Nos. and for 
the higher ones. 

The 2-ft. and 3-ft. Cippoletti weirs were set the head the 
canal, taking the water from the 30-ft. forebay. velocity ap- 
proach existed, the gauge was set give the elevation the water 
the forebay above the effect the weirs. For the 2-ft. weirs, the 
heads ranged from 0.034 1.987 ft., with maximum variation 
head 0.017 ft. for any run. For the 3-ft. weir, the heads varied 
from 0.082 2.415 ft. The greatest variation head was 0.009 ft. 
The contraction both weirs was entirely full, and the nappes were 
perfectly free from any disturbances. Compartment No. the 
measuring tank was used for the low heads, Nos. and for interme- 
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TABLE HEIGHT AND DISCHARGE FOR 1-Foor 
CIPPOLETTI WEIR. 


Gauge Cippoletti Actual Percentage Cippoletti Percentage 


0.00 0.000 0.000 0.66 1.871 
0.01 0.003 0.67 1.919 
0.02 0.010 0.68 1.968 
0.08 0.018 0.69 2.017 
0.04 0.027 0.70 1.972 2.066 4.77 
0.05 0.038 0.71 2.115 
0.06 0.050 0.72 2.164 
0.07 0.062 2.218 
0.08 0.076 2.262 
0.09 0.091 2.312 
0.10 0.107 0.107 0.76 2.362 
0.11 0.123 2.412 
0.12 0.140 0.78 2.462 
0.13 0.158 0.79 
0.14 0.176 0.80 2.409 2.565 6.48 
0.15 0.196 0.81 2.618 
0.16 0.216 0.82 2.671 
0.17 0.88 2.724 
0.18 0.257 0.84 2.777 
0.19 0.279 0.85 2.830 
0.20 0.301 0.301 0.86 2.884 
0.21 0.324 0.87 2.989 
0.22 0.347 0.88 2.994 
0.23 0.89 3.049 
0.24 0.396 0.90 2.875 8.00 
0.25 0.421 0.91 
0.26 0.446 0.92 8.217 
0.27 0.472 0.93 
0.28 0.499 0.94 
0.29 0.526 0.95 
0.30 0.553 0.553 0.96 8.447 
0.31 0.581 0.97 3.506 
0.32 0.609 0.98 3.565 
0.33 0.688 0.99 3.625 
0.34 0.667 3.367 8.686 9.47 
0.35 0.697 1.01 3.747 
0.36 0.727 1.02 8.809 
0.37 0.758 1.08 3.872 
0.38 0.789 1.04 
0.39 0.820 1.05 3.999 
0.40 0.852 0.852 1.06 4.063 
0.41 0.884 1.07 4.127 
0.42 0.916 1.08 4.192 
0.949 1.09 4.258 
0.44 0.983 1.10 8.884 4.325 11.35 
0.45 1.016 
0.46 1.050 1.12 4.461 
0.47 1.085 1.13 4.580 
0.48 1.14 4.600 
0.49 1.161 1.15 4.670 
0.50 1.190 1.200 0.84 1.16 4.740 
0.51 1.289 4.811 
0.52 1.278 1.18 4.883 
0.58 1.317 1.19 4.955 
0.54 1.20 4.426 5.027 13.58 
0.55 1.396 1.21 5.100 
0.56 5.178 
0.57 1.478 5.247 
0.58 1.519 1.24 5.321 
0.59 1.561 1.25 5.395 
0.60 1.565 1.26 5.470 
0.61 1.646 1.27 5.547 
0.62 1.689 1.28 5.624 
1.732 1.29 5.702 
0.64 1.30 4.990 5.781 15.85 
0.65 1.824 1.31 5.861 
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5.941 1.67 8.994 

6.021 1.68 9.088 

6.102 1.69 9.182 

1.35 6.188 1.70 9.276 24.31 

1.36 1.7 

1.37 6.347 1.7 9.464 

1.38 6.429 1.7% 9.558 

1.39 6.512 9.652 

1.40 5.577 6.595 18.25 9.746 

1.41 6.678 9.841 

1.42 6.762 9.937 

6.846 1.7 

1.44 6.980 1.79 10.131 

1.45 7.015 1.80 10.229 

1.46 7.101 1.81 10.327 

1.47 7.187 1:82 10.425 

1.48 

1.49 1.84 10.624 

1.50 6.185 7.450 20.45 1.85 10.728 

1.51 7.588 1.86 

1.52 7.626 1.87 10.938 

7.714 1.88 11.014 

1.54 7.802 1.89 11.150 

1.55 7.890 1.9 8.817 11.256 27.66 

1.56 7.979 1.91 

1.57 8.069 1.92 11.47 

1.58 8.160 1.98 11.577 

1.59 8.251 1.94 11.684 | 

1,60 6.814 8.343 22.44 1.95 11.791 

1.61 8.485 1.96 11.900 

1.62 8.527 1.97 12.010 

1.68 8.620 1.98 12.120 

1.64 8.713 1.99 12.232 

1.65 8.806 2.00 9.522 12.345 29.65 

1.66 8.900 


diate heads, and the entire tank for the high heads. The discharge 


curves are shown Plates XXIV and XXV, Tables and 
give the details. 


Plates and XXIV show the discharge curves for the actual 
discharge the Cippoletti weirs and the theoretical discharge the 
Cippoletti formula. observed that every case the actual dis- 
charge curve follows the Cippoletti curve gauge height approxi- 
mately one-third the length the crest. After this point, the actual 
discharges for the gauge height become larger than indicated the 
formula. Tables give the actual discharge for each ft. 
gauge height, the formula discharge for each ft. gauge height, 
and the percentage that the actual discharge excess the formula 
discharge for each ft. gauge height. gauge height ft. 
29.65%, showing that gauge height equal twice the length 
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TABLE 4.—GAUGE HEIGHT AND DISCHARGE FOR 


CIPPOLETTI WEIR. 
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TABLE 4.—( Continued.) 


Cippoletti Percentage Cippoletti Percentage 
Gauge Actual Gauge Actual 
discharge. difference. discharge. difference. 
1.32 10.82 1.67 15.86 
1.33 10.95 1.68 16.02 
1.34 11.08 1.69 16.18 
1.35 11.21 1.70 14.92 16.34 9.52 
1.36 11.35 16.50 
1.37 11.49 16.66 
1.38 16.82 
1.39 11.77 1.74 16.98 
1.40 11.15 11.91 6.82 17.14 
1.41 12.05 17.30 
1.42 12.19 1.77 17.46 
12.38 1.78 17.62 
1.44- 12.47 1.79 17.78 
1.45 12.61 1.80 17.94 10.38 
1.46 1.81 18.10 
1.47 12.89 1.82 18.26 
1.48 18.42 
1.49 13.17 1,84 18.58 
1.50 12.37 13.31 7.60 1.85 18.74 
1.51 18.45 1.86 18.91 
1.52 13.59 1.87 19.08 
1.88 19.25 
1.54 13.88 1.89 19.42 
1.55 14.08 1.90 19.59 11.12 
1.56 1.91 19.76 
1.57 14.33 1.92 
1.58 14.48 1.9 20.10 
1.59 1.94 
1.60 14.78 8.44 1.95 20.45 
1.61 1.96 20.63 
1.62 15.08 1.97 20.81 
15.23 1.98 20.99 
1.64 15.38 1.99 21.17 
1.65 15.54 2.00 19.04 21.35 
1.66 15.70 


the crest the actual discharge approximately 30% excess 
the formula discharge. The gauge heights were not carried 
this proportion the 2-ft. and 3-ft. weirs, but will observed 
that the percentage difference for the same proportion gauge 
height length crest agrees fairly well for the different weirs. 

Plate XXV shows the logarithmic discharge curves for each 
Cippoletti weir. For the 6-in., 1-ft., and 2-ft. weirs, observed that 
there are three distinct straight lines for each weir. For each suc- 
ceeding larger weir, the points plot less decided breaks, and for the 
3-ft. weir, there are only two curves. The equation each these 
separate divisions was taken, and the gauge height which the change 
equation takes place was observed, also the proportional part that 
each these gauge heights their respective lengths crest. 
These are given Table will observed that, for the 6-in. 
and 1-ft. weirs these breaks gauge heights which are approxi- 
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TABLE 5.—(Continued.) 


Cippoletti actual Percentage Cippoletti 


15.71 1.89 27.35 
15.89 1.90 26.45 27.57 4.23 
1.34 16.07 1.91 27.79 
15.84 16.25 1.92 28.01 
1.36 16.44 1.98 
1.37 1.94 28.45 
1.38 16.82 1.95 28.67 
17.01 1.96 28.90 
1.40 16.73 17.20 2.81 1.97 
1.41 17.39 1.98 29.36 
1.42 1.99 29.59 
2.00 28.57 29.82 4.38 
1.44 17.96 2.01 30.05 
1.45 18.15 30.28 
1.46 2.08 30.51 
1.47 2.04 30.74 
1.48 18.72 2.05 30.97 
1.49 
1.50 18.56 19.1 
1.51 19.30 2.08 
1.52 19.50 2.09 81.89 
1.53 19.7 2.10 80.74 $2.13 
1.54 19.90 2.11 82.87 
1.55 20.10 2.12 82.61 
1.56 20.30 
1.57 20.50 2.14 33.09 
1.58 20.70 2.15 
1.59 
1.61 21.32 2.18 
1.62 21.53 2.19 
1.68 21.74 2.20 
1.64 21.95 2.21 84.77 
1.65 22.16 2.22 
1.66 22.37 
1.67 22.58 2.24 
1.68 22.79 2.25 
1.69 2.26 85.97 
1.70 23.21 8.66 2.27 
1.72 2.29 
1.74 24.05 2.31 
24.27 2.82 
1.76 24.49 
24.71 2.34 
1.78 24.98 2.35 
25.15 2.36 88.45 
1.80 24.39 4.02 2.37 88.70 
1.81 25.59 88.95 
1.82 25.81 2.39 39.20 
1.88 2.40 87.55 89.45 5.06 
1.84 2.41 39.70 
1.85 26.47 2.42 
1.86 2.43 
1.87 26.91 2.44 
1.88 2.45 40.70 


mately one-half the length the crest and equal the length 
crest, respectively. 


For the 2-ft. weir, the heads are not high enough obtain the 
break the length crest, but the break about one-half that length 
quite evident. This weir makes change equation lower 
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proportion than the other two, approximately one-tenth the 
length. 
For the 3-ft. weir, there are only two equations, the break occurring 
proportion gauge height length crest about one-tenth. 
Table gives the results the experiments recorded, and also, 


each run, the value the formula, the customary 
weir formula. 


Table gives the gauge heights the experiments, arranged 
the order their value, and the corresponding values This 
table shows that the values increase with the gauge height, 
that the exponent, the slope the logarithmic curve, 
not correct, also shown the logarithmic curves -actual 
discharge. 

Table gives the gauge heights for every ft. height 
2.45 ft. These gauge heights are accompanied the correspond- 
ing discharges for each the four Cippoletti weirs tested. From this 
table seen that the discharges formula are practically correct 
gauge height one-third the length the crest. Above 
this point, However, the use new formula discharge table 
essential accuracy. This table also shows that, above the limits 
the formula, the weirs not discharge proportion their 
length crest, and that this difference increases with the gauge 
height. will observed that the discharges the 2-ft. and 3-ft. 
weirs are more proportion the length the crest than any 
the others. 

Table shows the values the weir formula, for 
all the Cippoletti weirs. The values were prepared for each ft. 
gauge height, toa head 0.3 ft., and for every ft. above 
that point. The values the formula were taken from the pre- 
pared discharge tables. This table shows that above gauge height 
equal one-third the length the crest, increases very rapidly 
each case, and that this increase not for all the weirs, 
but more nearly proportion the ratio gauge height length 
crest. 

The foregoing tables and plates show that the Cippoletti weir 
formula may used with reasonable accuracy for depths one- 
third the length the crest. Above this gauge height, will 
necessary use tables prepared carefully from actual ratings. The 
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3 
Clh? 


WEIRS. 


Average Average 
Run No. gauge Run No. gauge 
height. height. 


WEIR. 


0.059 


0.225 3.164 0.154 
6 0.513 8.783 Q7 0.406 8.338 
0.537 0.438 3.368 

0.770 0.668 3.411 
0.776 4.166 0.853 
1.425 3.601 

0.927 0.236 8.450 
2) 1.476 4.0384 | 14 0.598 3.400 
22 eeree = | 6 0.609 8.414 

17. 1.167 3.435 


2.065 3.526 
2.246 
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Gauge height break 


Equation. Gauge height break. divided 
length weir crest. 


4.178 0.654 
4.409 


0.518 0.518 
3.681 1.109 1.109 


2-Foot 


8.388 0.178 0.089 
8.448 0.864 0.482 


3-Foot 


results show that the discharge curves smaller weirs above gauge 
height one-third the length the crest are not single section 
parabola, but series short sections parabolas. This series 
parabolas, however, seems become less evident the weirs 
increase length, and will assumed that the curve 
for the 3-ft. weir above gauge height 0.444 ft. good representa- 
tive the behavior the larger weirs, and that may used with 
reasonable accuracy depth equal the length the weir 
crest. Thus, the use Cippoletti weirs, the formula will taken 
correct gauge heights one-third the length the crest. 
Above this point, for 3-ft. weirs and smaller, the tables given here- 
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with are recommended, and for weirs greater length than ft., 
for gauge heights more than one-third the length the crest, 
the formula, 3.435 should used. this manner accurate 
results are assured for all reasonable gauge heights. 

Rectangular Weirs.—The experiments sharp-crested rectangular 
weirs were made the same sizes were those the Cippoletti 
type, namely, 6-in., 1-ft., 2-ft., and 3-ft. These were tested and 
calibrated the same headings and the same manner the 


TABLE anp FoR CIPPOLETTI WEIRS. 


Gauge height, Discharge Discharge Discharge Discharge 
feet. 6-in. weir. 1-ft. weir. 2-ft. weir. 3-ft. weir. 
0.00 0.000 0.000 0.000 0.00 
0.05 0.019 0.08 0.12 
0.10 0.053 0.107 0.21 
0.15 0.098 0.196 0.39 0.59 
0.20 0.151 0.301 0.60 0.91 
0.25 0.421 0.84 1.27 
0.30 0.288 0.558 1.11 1.67 
0.35 0.371 0.697 1.39 2.11 
0.40 0.463 0.852 1.70 2.57 
0.45 0.563 1.016 
0.669 1.200 2.38 
0.55 0.781 1.396 2.755 4.16 
0.60 0.906 1.608 3.14 4.76 
0.65 1.824 3.55 5.38 
0.70 1,186 2.066 3.98 6.08 
1.336 2.312 4.415 6.68 
0.80 1.492 2.565 4.87 7.36 
0.85 2.830 8.06 
0.90 1.832 3.105 5.84 8.77 
0.95 2.012 3.389 6.36 9.52 
1.00 2.194 3.686 6.91 10.30 
4.325 8.07 11.90 
4.670 8.67 12.71 
5.027 9.28 13.56 
5.781 10.56 15.35 
11.91 17.20 
8.806 15.54 22.16 
9.276 16.2 23.21 
9.746 17.14 24.27 
2.30 36.95 
2.35 38.20 
2.40 39.45 
2.45 40.70 
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trapezoidal weirs. velocity approach existed any case. Full 
contraction and perfect, undisturbed, and free nappe were maintained 
every run. The different compartments the measuring tank were 
used the heads and discharge varied. 


3 
FOR THE CIPPOLETTI WEIR. 


LENGTH WEIR, FEET. 


height. 

0.0 
0.05 3.367 8.367 3.571 
0.10 8.481 
0.15 3.367 
0.20 8.398 
0.25 3.367 3.587 
0.30 
0.40 3.660 8.367 
0.50 3.784 
0.60 3.898 
0.70 4.049 
0.80 4.170 3.408 3.428 
4.291 8.420 8.424 
1.00 4.388 3.455 
1.80 8.714 
1.90 3.509 
2.00 3.515 
2.10 8.519 
2.20 
2.30 
2.40 


Tables and plates similar those for the Cippoletti weirs were 
prepared for this type. The Francis formula for rectangular weirs was 
used, and each case the percentage between the actual 
and Francis discharges was tabulated. 

Table gives the actual experimental data for each weir, together 
with the corresponding values the formula, 

Tables give the actual discharges corresponding each 
gauge height, the limit the experiments. The dis- 
charges, computed from the Francis formula, 3.333 2h) 
are tabulated for each ft. gauge height, and the percentage 
difference between this and the actual discharge recorded shown. 
seen that the formula only fairly correct for very low heads. 
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RECTANGULAR WEIRS. 


Variation Length Time Discharge 
0.112 0.000 200 0.062 3.307 
0.156 0.012 200 120 0.100 
0.236 0.006 162 0.180 3.189 
0.848 0.004 600 194 0.823 8.147 
0.499 0.006 600 331 0.552 
0.170 0.006 200 129 0.108 3.081 
0.082 0.006 400 0.089 3.319 
| 9 0.042 0.000 6 3 600 52 0.014 3.256 
0.030 0.006 600 0.009 8.462 
0.574 0.006 600 406 0.677 
0.774 0.005 600 642 1.070 8.142 
0.866 0.015 600 1.262 3.132 
0.992 0.019 540 845 1.565 8.168 
0.751 0.000 600 612 1.020 
0.808 0.006 600 678 1.130 8.141 
0.902 0.001 600 1.855 8.168 
0.955 0.004 600 884 3.157 
0.999 0.018 690 1.582 3.169 
0.682 0.080 600 528 0.880 8.125 
0.572 0.002 420 282 8.102 
0.564 0.007 600 392 3.083 
24 0.487 0.006 6 600 317 0.528 3.108 
0.446 0.009 600 276 0.460 3.088 
0.405 0.006 600 239 0.398 8.088 
0.346 0.008 600 187 3.065 
2 0.309 0.004 6 600 157 0.262 8.050 
0.231 0.019 600 100 0.167 3.009 
0.208 0.004 900 134 0.149 
0.604 0.005 600 489 
0.524 0.007 600 356 3.127 
0.661 0.018 600 507 0.845 
0.472 0.006 600 0.505 8.114 
0.662 0.012 600 506 0.848 
0.638 0.012 600 479 0.798 3.132 
0.498 0.007 600 3.090 
0.442 0.008 600 274 0.457 
0.398 0.010 600 234 0.390 8.106 
0.328 0.011 600 176 0.293 8.119 
0.26 0.006 900 194 0.216 8.112 
1.338 0.009 600 922 4.870 8.147 
1.205 0.004 600 506 4.177 3.158 
1.130 0.009 600 254 8.757 
1.044 0.010 600 999 3.124 
0.909 0.002 600 2.695 3.109 
0.857 0.005 600 490 8.180 
0.571 0.012 600 814 1.357 8.146 
0.714 0.005 600 1131 1.885 8.124 
0.416 0.003 900 0.847 8.157 
0.824 0.005 200 708 0.586 
0.102 0.015 020 104 0.102 3.129 
0.822 0.011 600 400 2.383 8.131 
1.238 0.008 480 060 4.292 8.135 
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TABLE 10.—(Continued.) 


0.081 0.002 800 290 0.161 3.500 
0.167 0.008 900 416 0.462 
600 449 0.748 8.324 
0.294 600 627 1.045 3.278 
0.395 0.008 600 970 1.617 3.256 
0.510 0.020 600 1417 2.362 
0.717 0.011 600 321 3.868 3.186 
10 9.910 0.0038 24 480 2 635 5.490 8.162 
1.429 0.015 300 10.57 3.094 
0.549 0.002 900 326 2.584 3.176 
0.886 0.007 900 5.240 8.141 
1.185 0.005 600 857 8.095 3.188 
1.574 0.005 480 12.362 8.130 
0.214 0.004 600 394 0.657 8.318 
0.426 0.001 630 754 2.784 3.337 
0.101 0.000 930 0.340 
0.310 0.001 600 028 8.308 
0.198 0.001 900 808 0.898 3.398 
0.452 0.001 600 800 3.000 
10, 0.614 0.002 390 836 4.708 
0.950 0.003 480 325 9.010 3.244 
1.190 0.007 510 12.545 8.221 
1.820 0.007 860 340 23.167 3.145 
1.606 0.010 300 802 19.340 
1.401 0.008 360 705 15.847 
1.382 0.004 600 353 15.588 3.198 
1.609 0.004 360 19.408 8.169 
0.690 0.001 600 358 5.597 3.255 


Table gives the value the formula, for the 
gauge heights the various experiments, arranged the order their 
value. will observed that these not show the marked variation 
characterizing the Cippoletti weirs. Table gives the equations 
the different parabolas, the gauge height which the equations change, 
and the proportion that these gauge heights are the lengths crest. 
may seen that the equations not have such wide range 
the previous case, and that the three equations agree more 
closely with each other the size the weir increases, and finally 
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RECTANGULAR WEIR. 


Gauge Actual Gauge Percentage 
0.00 0.000 0.000 0.568 

0.01 0.002 0.52 0.585 

0.02 0.005 0.602 

0.08 0.009 0.54 0.619 

0.04 0.018 0.55 0.636 

0.05 0.018 0.018 0.56 0.658 

0.06 0.024 0.57 0.671 

0.07 0.58 0.689 

0.08 0.087 0.59 0.707 

0.09 0.044 0.60 0.588 0.725 
0.10 0.050 0.051 2.00 0.61 0.748 

0.11 0.059 0.62 0.761 

0.12 0.067 0.68 0.780 

0.18 0.64 

0.14 0.084 0.65 0.818 

0.15 0.098 0.66 

0.16 0.102 0.67 0.856 

0.17 0.109 0.112 0.68 0.876 

0.18 0.122 0.69 0.896 

0.132 0.70 0.702 0.916 30.49 
0.20 0.187 0.142 0.71 

0.21 0.152 0.956 

0.22 0.162 0.976 

0.24 0.184 1.018 

0.25 0.195 1.089 

0.26 0.206 1.060 

0.218 0.78 

0.230 0.79 

0.29 0.242 0.80 0.810 1.125 38.89 
0.30 0.254 5.89 0.81 1.147 

0.31 0.266 0.82 1.169 

0.82 0.279 0.88 

0.38 0.292 0.84 1.218 

0.34 0.805 0.85 

0.85 0.318 0.86 1.258 

0.40 0.891 10.45 0.91 

0.41 0.406 0.92 1.896 

0.421 0.98 1.419 

0.487 0.94 1.442 

0.453 0.95 1.465 

0.45 0.469 0.96 1.488 

0.46 0.485 0.97 1.512 

0.517 0.99 1.560 

0.49 1.00 0.999 1.584 58.56 
0.50 0.471 0.551 16.99 


become one parabola the 3-ft. weir. The breaks occur about the 
same relative positions the Cippoletti weirs. 

Table gives the discharges each weir for every ft. 
gauge height, far the experiments were carried. This table 


shows that these results bear very marked proportionality the vari- 
ous lengths crest. 
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TABLE 13.—(Continued.) 
Francis Percentage Francis Percentage 

Gauge Actual Gauge Actual 

1.02 6.49 1.30 8.59 9.27 7.92 

1.08 6.58 1.31 9.37 

1.04 6.67 1.32 9.47 

1.05 6.76 1.33 9.58 

1.06 6.85 1.34 9.69 

1.07 6.95 1.35 9.80 

1.08 7.05 1.36 9.91 

1.09 7.15 10.02 

1.39 10.24 

7.45 1.40 9.49 10.35 

1.18 7.55 1.41 10.46 

1.14 7.65 1.42 10.57 

1.15 7.75 1.48 10.68 

1.16 7.85 1.44 

1.17 7.95 1.45 10.90 

1.18 8.05 1.46 11.01 

1.19 8.15 1.47 11.12 

1.20 8.25 7.14 1.48 

1.21 8.35 1.49 11.34 

8.45 1.50 10.40 11.45 10.09 

1.23 8.55 1.51 11.56 

1.24 8.65 1.52 11.67 

1.25 8.75 1.58 

1.26 8.85 11.89 

1.27 1.55 12.00 

1.28 9.05 1.56 

1.29 9.15 


Table gives the values the formula, for each 
the rectangular weirs, for each ft. gauge height 0.3 ft. 
head, and for each ft. thereafter. These values are based the 
discharge, given Tables 14. will seen that these 
values are also variable, both gauge height and length weir 
crest, thus again indicating the fallacy the original formula, 
ft. length and values given the late Hamilton Smith, Am. 
E., for the larger tables and plates given herewith 
indicate that the Francis formula not applicable, within reasonable 
limits accuracy, for gauge heights more than one-fourth 
the length the crest, and also that the errors increase with the size 
the weir. The varying values indicate, the case the 
Cippoletti weirs, that the exponent, the formula, 
incorrect, and that this formula used will necessary 
obtain new value for each computation discharge. Owing 
the proportionality existing among the various values discharge 
for the same gauge heights, and the tendency toward one equation 


i= o = 
| 
re 
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TABLE 14.—(Continued.) 


1.30 13.52 14.27 5.55 1.71 21.19 

1.31 14.43 1.72 21.37 

1.32 21.55 

1.38 21.7 

1,34 14.91 21.91 

15.07 1.76 22.10 

1.36 15.28 1.77 22.29 

1.37 15.39 22.48 

1.38 15.55 1.79 22.67 

1.39 15.71 1.80 21.28 22.86 7.68 

1.40 15.00 5.8 1.81 28.05 

1.41 16.08 1.82 

1.42 16.19 1.83 28.48 

1.48 16.35 1.84 

1.44 16.51 1.85 23.81 

1.45 16.68 1.86 24.00 

16.85 1.87 24.20 

1.47 17.02 1.88 24.40 

1.48 17.19 1.89 24.60 

1.49 17.36 1.90 22.85 24.80 8.53 

1.50 16.53 6.05 1.91 25.00 

1.51 17.70 1.92 

1.52 17.87 1.98 25.40 

1.58 18.04 1.94 25.60 

1.54 18.21 25.80 

1.55 18.38 1.96 

1.56 18.55 1.97 26.20 

1.57 18.72 1.98 26.40 

18.89 1.99 26.60 

1.59 19.06 2.00 24.48 26.80 9.48 

1.60 18.06 19.23 6.48 2.01 27.00 

1.61 19.40 2.02 27.20 

1.62 19.57 2.08 27.40 

1.68 2.04 27.60 

1,64 19.98 2.05 27.81 

1,65 20.11 2.06 28.02 

1.66 20.29 2.07 

1.67 20.47 2.08 

1.68 20.65 2.09 

1.69 2.10 26.14 28.86 10.41 

1.70 21.01 


the logarithmic curves, that, for weirs more than 
ft. length, the equation, 3.242 used for the smaller weirs, 
the tables give the desired results. 

alternative, Table contains the values for various 
gauge heights and sizes weirs. means these values, discharge 
tables may prepared for any size weir ft. length. 

the foregoing experiments, attempt has been made develop 
formula that will apply all weirs, but merely obtain ratings, 
far possible, and formula table that may used with 
reasonable degree accuracy for large weirs with heads higher than 
previously tested. this manner sufficiently accurate tables can 
made and applied irrigation work. 


196 WEIR DISCHARGE EXPERIMENTS [Papers. 


Average Average 
Run No. gauge Run No. gauge 
height. height. 


6-INCH WEIR. Continued.) 


0.042 
0.082 
0.110 

0.112 


0.056 


0.909 8.109 
8.108 
3.288 1.044 8.124 
0.156 3.247 1.288 3.185 
0.208 
0.268 
0.328 3.119 
3.065 
3.106 
0.405 3.088 
0.442 
0.446 
0.472 8.114 
0.487 3.108 
0.498 3.090 
0.662 
0.682 
0.774 3.142 0.198 3.398 
0.482 
0.614 
0.690 3.255 
3.383 0.826 3.257 
0.102 3.129 0.950 
0.142 3.327 1.190 3.221 
0.324 3.178 1.401 3,185 
0.571 3.146 1.820 8.145 
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TABLE anp Breaks 
CURVES. 


RECTANGULAR WEIRS. 


Gauge height break 
Equation. Gauge height break. divided length 
weir crest. 

WEIR. 

184 0.328 0.656 

8.170 0.572 1.144 
1-Foot Weir. 

3.128 0.540 0.540 

0.982 0.982 
2-Foot 

3.146 0.214 0.107 

0.886 0.443 
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TABLE anp FOR 


Gauge Dischar 
weir. 1-ft. weir. 2-ft. weir. 8-ft. weir. 
0.00 0.000 0.000 0.00 0.00 
0.05 0.018 0.087 0.08 0.13 
0.10 0.051 0.108 0.21 0.338 
0.15 0.093 0.188 0.38 0.60 
0.20 0.142 0.287 0.58 0.91 
0.25 0.195 0.398 0.83 1.26 
0.30 0.254 0.521 1.08 1.65 
0.85 0.318 0.658 1.35 2.08 
0.40 0.391 0.801 1.65 2.58 
0.45 0.469 0.950 1.95 3.00 
0.50 0.551 1.111 2.27 8.50 
0.55 0.636 1.282 2.62 4.01 
0.60 0.725 1.459 2.98 4.57 
0.65 0.818 1,640 3.34 5.18 
0.70 0.916 1.830 3.74 5.78 
0.75 1.018 2.028 4.14 6.35 
0.80 1.125 2.283 4.54 7.00 
0.85 1.235 2.448 4.96 7.65 
0.90 1.350 2.668 5.41 8.33 
0.95 1.465 2.892 5.86 9.08 
1.00 1.584 6.31 
8.362 6.76 10.45 
4.119 8.25 12.70 
_ 4.664 9.27 14.27 
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3 
Clh?, FOR THE RECTANGULAR WEIR. 


LENGTH WEIR, FEET. 


Gauge 

0.05 3.304 8.385 
0.10 8.259 3.481 
0.15 3.236 3.270 
0.20 3.163 3.393 
0.25 8.184 3.360 
0.40 3.166 3.261 
0.50 | 3.142 3.210 3.299 
0.60 3.206 3.270 
0.70 3.124 3.192 3.261 
0.80 | 3.121 3.172 3.261 
1.0 8.125 3.155 
1.2 3.184 3.220 
1.3 3.147 8.127 8.209 


TABLE 19. —COEFFICIENTS FOR WEIRS WITH END 


L=LENGTH 


WEIR, FEET. 


H=Head 
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SHEARING STRENGTH CONSTRUCTION JOINTS 
STEMS REINFORCED CONCRETE T-BEAMS, 
SHOWN TESTS. 


Jun. Am. Soc. 


reinforced concrete construction, the importance lessening the 
cost forms has long been recognized. recent effort this direc- 
tion has resulted system construction which columns and 
stems beams and girders are cast the ground. These units, when 
hard, are hoisted into place and set mortar grouted. The concrete 
skeleton framework thus erected supports the forms for the floor- 
slab, which then cast place. The slab rests the beam and 
girder stems, and secured them the customary web reinforce- 
ment—stirrups and bent-up trussed tension rods. 

the ordinary beam and girder type floor, the slab, besides 
receiving the live load and distributing the beams, performs the 
important function acting compression flange for the beams and 
girders. the system just however, horizontal construc- 
tion joint exists between the slab flange and the stem below, due 
the lapse several days between the casting the two. This 
forces the front the question whether this joint can transmit safely 
the horizontal shear necessary make the slab and stem act together 


papers are issued before the date set for presentation and discus- 
sion. Correspondence invited from those who cannot present the meeting, 
and may sent mail the Secretary. Discussion, either oral written, will 
published subsequent number Proceedings, and, when finally closed, the 
papers, with discussion full, will published 
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This paper record tests which, among other things, seems 
show clearly that, under conditions readily met practice, the 
answer this question the affirmative. These results are 
strikingly variance with ideas previously widely held that full 
account the conditions the tests must included. 

These tests were undertaken under the following circumstances: 

December, 1911, Boston company had contracts for two 
buildings which was proposed use the unit construction. 
Worcester and Johnson, Members, Am. Soc. E., were retained 
Consulting Engineers the general design the unit construc- 
tion work. their instance, series tests was undertaken the 
writers, the laboratory the School Engineering Harvard 
University, investigate the strength shear the horizontal joint 
between stem and floor-slab necessarily involved this type 
construction. 

work one the two buildings had without delay, 
was agreed, pending the completion the tests, introduce the 
precautionary measure increasing the shear resistance the con- 
struction joints corrugating the tops the stems manner 
similar that shown Fig. (Types and and Fig. Plate 
Thus work was begun. The tests soon made clear, however, 
that the corrugations were unnecessary, and they were omitted subse- 
quent construction. 

Objects specific objects the tests were three: 


determine whether the type construction going into 
the building, involving the corrugated joint between the stem 
and the slab, was safe; 

2.—To determine whether would safe dispense with the 
corrugations and use instead smooth, that is, ordinary, 
untreated joint; and 

3.—To discover, possible, how high shearing stress such 
smooth joint can resist. 


Types Test Beams.—For the tests, three types beams, 
and were made. 

Type beams were designed the Boston company primarily 
for the first and second objects stated. Accordingly, their was 
similar that the beams going into the buildings. 


PLATE 
PAPERS, AM. SOC. 
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JOHNSON AND NICHOLS 
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1.—REINFORCEMENT THREE TYPE BEAMS AFTER 
THE TEST. THE CUTTING REMOVAL THE 
STIRRUPS OCCURRED DISENGAGING THE 
STEEL FROM CONCRETE. 


STEM BEAM No. 16, SHOWING QUALITY SURFACE 
“SMOOTH” JOINT. 
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Type beams, designed the authors, were intended primarily 
for the third object, and all the stresses were kept low comparison 
with the shearing stress the stem, order that the shear the joint 
might reach high value before the beam failed from any other cause. 


toggle for hoisti 
oggle for hoisting round rods 


sq. tw. rods 
2-%"sq. tw. rods 


TYPE BEAMS 
smooth joints. Nos. 1-4. 
4-Beams with corrugated joints. Nos. 5-8. 
4-Beams Nos. 9-12. 


DETAIL 
CORRUGATED JOINT, 


Joint 


a 
tw. Stirrups 


TYPE B BEAMS 
4-Beams with smooth joints. Nos. 13-16. 
4-Beams with corrugated joints. Nos. 17-20. 
4-Beams monolithic Nos. 21-24. 


DETAIL 
CORRUGATED JOINT, 


aS 


4 tH 


tw. rods 
2-14" sq. tw. rods 
TYPE BEAMS 


2-Beams with smooth joints. Nos. 25-26; 
2-Beams monolithic Nos. 27-28. 


Type beams, made and tested the request the patentees 
this system unit construction, were four number (Nos. 
28). They differed from the Type beams putting the larger 


2 
4 
‘, | ' 
1%, 2 
te 
rods 
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rods the main reinforcement the upper the two layers and 
turning them for diagonal web reinforcement, instead having 
the smaller rods this position. They differed further having 
smaller rods for the stirrups. other words, the significant dif- 
ference between Types and the web reinforcement, Type 
having more steel the diagonal bars and less the stirrups than 
Type 

Twelve beams Type numbered 12, and twelve Type 
numbered 24, were made—four each type with smooth joints, 
four with corrugated joints, and four cast without joints, that is, 
the usual monolithic type. Type two béams were made with 
smooth joints, and two were cast monolithic. 

The designs the three types, with the essential dimensions, are 
fully shown Fig. The positions the loads and supports are 
also shown. 

coarse aggregate consisted broken slate only 
fair quality, dusty and somewhat scaly. size was in. and less. 

The sand was good quality, and very similar appearance the 
Plum Island sand common use about Boston. 

Lehigh Portland cement was used. test the cement showed 
meet the specifications the American Society for Testing 
Materials. 

The main steel reinforcement was square twisted rods, said 
cold-twisted. Measurements the deformation the steel during 
the test the beams indicated elastic limit the neighborhood 
from 45000 50000 lb. per sq. in. The steel for each beam was 
assembled and wired together frame before being placed the 
forms. 

The forms were 2-in. plank designed easily stripped 
and re-assembled. Four beams stems were cast time. The 
forms were oiled each time before the steel frame was placed. 

Construction Test concrete was mixed hand 
small batches, the materials being measured carefully. The mixture 
was what commonly known 1:2:4 volume, that is, cu. ft. 
sand and ft. stone bag cement. Enough water was 
used make the mass wet all through, easy handle and spade 
the forms, but not sloppy. 

order get the main reinforcing rods into the narrow 4-in. 


2.—SHOWING CRUSHING 
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‘ey 


FLANGE BETWEEN THE LOADS, AND OPEN 
TENSION CRACKS. 


Fic. STEM BEAM No. 17, SHOWING JOINT. 
| 
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stem, they had placed close one another (Fig. Plate 
XXIX) that the stone could not tamped spaded down between 
them. Clear mortar, mixed 1:2, was accordingly used the bottom 
the stem, the top the main rods. The concrete was placed 
top the mortar and puddled with trowels and small rods, order 
eliminate voids and secure thorough bond with the steel. 

The top the stem was leveled off the case the “smooth 
joint” beams, but not troweled. The quality the surface shown 
clearly Fig. Plate XIX. 

make the corrugations shown the design and Fig. Plate 
XXX, beveled blocks wood were pressed down into the forms, flush 
with the top the stem, and the concrete between the blocks was 
leveled off. 

The surfaces the joints were not subsequently brushed, 
treated any way, except that they were thoroughly wet 
just before placing the concrete the slab. The stems the jointed 
beams Types and were set concrete, end-supporting blocks, 
pockets, and grouted before the slab was poured. The bottom 
the slab, when was poured, came direct contact with the tops 
these blocks. The beams Type however, were set mortar 
the concrete, end-supporting blocks, after the slab was hard. The 
general appearance the three types shown Figs. and 
Plate 

Table gives the dates which the several stems, slabs, and beams 
were cast. 


TABLE CASTING TEST BEAMS. 


Beams 10, 11, 12. 
Beams 27, 28. 


The forms were usually removed from hours. The 
beams were stored the basement where they were made, and 
special provision was made for keeping them wet. 
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The workmanship was commercial grade, perhaps somewhat, 
though not significantly, better than secured most reinforced 
concrete work. The workmen were carpenters experienced concrete 
work, one them general foreman for reinforced concrete building 
construction. Although laboratory refinements were used the 
manufacture the test beams, the workmen knew the purpose for 
which they were being made, and, accordingly, were careful. 
the other hand, they were pushed time schedule four beams 
day, which required the utmost speed which they were capable, 
and which the later stages was impossible attainment, due 
the slow hardening the concrete. this hurry, are due slight 
imperfections workmanship which appeared later. These imperfec- 
tions were three kinds: 

steel was sometimes slightly misplaced; 

2.—In few the Type beams was observed that the slab 

was not exactly perpendicular the stem; and 

3.—A slight curvature the beam plan was noticed one 

two cases. 


beams were tested two groups. The first tests 
were made February 22d and 23d. Eleven beams were tested this 
time, which sufficed show that the type construction going 
into the building was safe, and that the joints did not need 
corrugated. The remaining beams were reserved allow the concrete 
become stronger. These were tested during the week April 15th, 
except Beams 21, 26, and which were tested May 4th. 

The beams were tested the Olsen testing machine 
Pierce Hall, Harvard University. The beam supports consisted 
rockers, which ensured vertical reaction the ends the beam 
all cases except that Beam During the test this beam, 
the supports rocked back the flat portion the rocker, giving 
the reaction sufficient horizontal component toward the center the 
span cause the concrete supporting block spall off with vertical 
erack above the rocker. This may have contributed somewhat the 
high result with this beam, but the writers not believe that the 
error involved large, and the beam has accordingly been averaged 
with the rest without modification. 

Between the rocker and the concrete was interposed each case 
steel plate and cushion whitewood distribute the pressure. 
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The load was transmitted from the movable head the testing 
machine pair 8-in. two steel rollers, each in. from 
the center the span, thence down through steel plate and white- 
wood cushion the top the beam. This arrangement which 
shown top beam No. 27, Fig. Plate worked satisfactorily 
all cases. 

The rate application the load was from 3500 lb. per 
min. for beams Types and and from per min. 
for Type beams, the increase rate being due the greater stiffness 
the shorter beams. For some beams the load was removed after 
reaching the maximum, and re-applied rate, for the second and 
subsequent applications, some four times fast for the first 
loading. 

Phenomena behavior the beams during the ap- 
plication the load was remarkably uniform. Vertical cracks the 
lower edge were sometimes evidence before any load was applied, 
but usually appeared near the center the span when the load 
was from 5000 10000 lb. These were often spaced regular 
intervals from in., corresponding probably stirrup locations. 

The next characteristic event was the appearance short fine 
diagonal cracks mid-height the stem the region high shear 
outside the loads. They were first observed load from 
20000 Ib. extraordinary pains had been taken make such 
cracks readily visible, the actual break the concrete may have come 
earlier. 

the load increased, these short cracks extended both and 
down; and sometimes, but not always, joined the vertical cracks pre- 
viously observed. They became the more numerous and 
wider. 

this point, the behavior the three types beams was 
substantially the same. the load approached the maximum, how- 
ever, the phenomena varied. the Type beams, one two vertical 
cracks developed the center, widening and extending upward toward 
the fillets. Coincident with the load reaching the maximum, the top 
surface the beam began flake between the loads, and short 
horizontal cracks appeared the side the slab, indicating crushing 
the concrete. This shown the photograph the center 
Beam Fig. Plate XXX. 
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Beams and failed prematurely spalling off the lower corner 
the stem within the concrete supporting blocks, just outside the 
curved ends the lower main rods, shown Fig. Plate 

the Type the development the diagonal cracks was 
the most important feature, the load approached the maximum, 
until was noticed that the main rods were slipping. some cases 
the ends the rods were uncovered and crack between the end 
the rod and the concrete was direct evidence the slipping. Slip- 
ping was also indicated the cracking and flaking the concrete 
the end the beam caused the wedging action the twisted rods. 
Both kinds evidence are presented Fig. Plate XXXII. 

After the development numerous diagonal cracks, after the rods 
began slip, and after the maximum load was passed, the surface 
the stem frequently began flake off, indicating crushing 
diagonal direction. Fig. Plate shows this phenomenon 
clearly. 

After the maximum load had been passed with few the beams, 
the load was taken off and re-applied several times. The toughness 
reinforced concrete construction well illustrated the high 
loads these beams were able carry even when they had been badly 
shattered repeated loadings. 

Beams 15, 16, 17, and spalled off outside the curve the main 
rods the supporting blocks, but probable that slipping the 
rods occurred before the spalling, and was the direct cause it. 

some the Type beams, fine horizontal hair crack was 
observed the end the beam, level with the bottom the slab, 
when the loading was well advanced. This, however, appeared the 
monolithic well the jointed beams; seemed have connec- 
tion whatever with the failure the beam, and significance at- 
tached it. was doubtless one the local effects the heavy 
concentration the loads. 

the Type beams, the load approached the maximum, the 
diagonal cracks opened rapidly and the surface the stem flaked 
off, followed closely crushing the concrete the top the 
flange mid-span. The flaking the stem-surface was particularly 
marked where the truss rods turned up, and shown Fig. Plate 

The numerical results the tests are briefly set forth Table 
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TABLE 2.—NUMERICAL RESULTS TESTS. 


STRESSES 
Maximum 


Based measurements.* Apparent immediate 


Maximum load. 


Stem age, days. 
Slab age, days. 


Concrete. 
Concrete. 


(13) 


“ 
“ 


Average...... 


Broke support. 
Comp. flange. 


Broke support. 


Monolithic. 


800,57 800 


600 661 Main rods sli 
600 


200 
700 


Main rods slipped. 


“ 


Corrugated. 


778 2840| 781 |Main rods slipped. 


Monolithic. 
one 


Taking account the actual placing the steel. 
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TABLE 


STRESSES 


| Sy | 


Taking into account the actual placing the steel. 


explanation. Columns and give the ages the stem and slab, 
respectively, when the beam was tested. The difference between the 
two any one line, gives the age the stem when the slab was cast. 
Column gives the total load carried the beam, exclusive its 
own weight. 

The unit stresses shown Columns are computed from 
the maximum load, given, the assumptions ordinarily used 
the design reinforced concrete beams. These include the assump- 
tion straight line planar distribution stress the concrete, 
and value for the ratio modulus elasticity steel 
that concrete. Columns and are based beam cross- 
section accordance with the design. was observed, however, 
that the position the main rods varied somewhat from that in- 
tended. The actual position these rods was carefully ascertained, 
and the stresses the actual cross-section thus determined are given 
Columns 10, 11, and 12. 

The columns headed “Steel” record the unit tension main 
rods. Those headed “Concrete” give the maximum unit compression 
the concrete the top the slab. The columns headed “Shear” give 
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the unit horizontal and vertical shear the stem. This also the 
intensity the shear the joint between the stem and the slab 
(in those beams which have joint), the strength which the 
purpose these tests investigate, and the intensity the diagonal 
tension the web, ordinarily computed. 

From the unit shear may obtained, desired, the unit 
adhesion the two straight rods multiplying the shear for Type 
will observed that both the adhesion and the shear ran high, the 
former 559 per sq. in., the latter 888 per sq. in. 

Cause A.—The last column the table gives what 
determine with certainty the one feature the design beam 
which would most need strengthening order increase the strength 
the beam. While most the failures Type beams are ascribed 
crushing the concrete, for the reason that the crushing was the 
immediate visible forerunner the maximum load attainable the 
testing machine, yet seems certain that all cases the elastic limit 
the steel was overstepped, leading rising neutral axis, 
diminishing compression area, and consequent premature crushing. 
what extent the stretch the steel was responsible for failure can- 
not told, but probably was the prime cause all cases. not 
essential this investigation know. 

Two the Type beams failed the supports, noted, 
spalling off the lower corner the stem below and outside the 
curve the lower rods. 

Cause primary cause failure the 
Type beams was probably slipping the main tension rods, although 
this was not observed all cases before the maximum load was at- 
tained. The further destruction the stem and slab cracking and 
crushing under continued application the load, cannot regarded 
the cause failure. There every probability that, the same 
amount steel had been secured with larger number smaller rods, 
the strength all the Type beams would have been materially 
increased. 

Cause Beam was not observed 
whether the maximum load was passed before the crushing the flange 
began. The failure appeared due this crushing, but the stem 
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was also badly cracked and had begun crush diagonally, especially 
the lower turn the truss rods. Furthermore, the elastic limit 
the main steel was doubtless overstepped. 

the case the other three beams Type the maximum load 
had clearly been reached before the flange began crush, but the 
crushing the stem was coincident with preceded the maximum 
load. How far the failure the concrete bearing the turn 
the truss rods, and the consequent straightening and yielding the 
rods themselves, reduced the effectiveness the web reinforcement, 
and thus became the primary cause failure, cannot told. Neither 
can the effect passing the elastic limit the main rods estimated. 

Further evidence that the steel was the limiting factor the 
strength the beams lies the fact that there only very slight 
difference strength between beams days old and those days 
old. the concrete were the primary cause failure, this difference 
should have been more marked. 

General shear slipping the joint was 
looked for all the beams with great care, but was never observed. 
fact, the jointed beams, both smooth and corrugated, withstood the 
test well the monolithic. There was not the slightest evidence 
that the joint contributed any way the failure the beams, 
though the shearing stress the joint reached values greatly ex- 
cess four times the 120 lb. per sq. in. allowed the Joint Committee 
beams reinforced for shear. 

Three interesting load-deflection curves, made autographic 
device the testing machine, are presented Fig. 

Conclusions—In view the striking uniformity, both the 
general behavior the beams during the test and the numerical 
results attained, these tests would seem justify the following 
conclusions: 


the type construction used the buildings was safe; 

2.—That the joints did not need corrugated; and 

smooth unroughened joint, constructed the same 
manner the joints tested beam suitably reinforced for 
shear (or diagonal tension), capable transmitting with 
ample factor safety any shear that could safely permitted 
monolithic beam the same cross-section and having 
the same reinforcement. 
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Fig. 1.—DIAGONAL CRUSHING STEM UNDER LOADING CONTINUED AFTER 
MAXIMUM LOAD HAs BEEN PASSED. 
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2.—CRUSHING CONCRETE WITHIN TURN BENT-UP BEAM No. 26. 
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One Important Bearing Engineering may rea- 
sonably inferred from the results these tests that the ordinary 
monolithic floor construction, where adequate web reinforcement 
provided with sufficient anchorage the top, the slab need not 


Load,in Pounds. Load,in Pounds 


oO 
Two Typical Curves. Curve for 
Note the Greater Stiffness the Type Beam No. Load Removed and 
Beam, No. Reapplied Several Times. See 


before the stems have set, although the contrary has hitherto 
been generally assumed. Until further tests are made, however, care 
should taken see that the web reinforcement crossing the joint 
sufficiently anchored, both above and below, and the surface the 
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joint must clean and not too smooth. Since these are conditions 
not difficult obtain practice, there may now sight escape 
from the worries caused the occasional necessity stopping work 
when the forms are filled only the bottom the slab. 

Allowable Shearing appears that the stem 
carrying ultimate shearing stress least 888 lb. per sq. in., 
the highest reached with any the beams. the shear was 
case clearly the cause failure, the really ultimate shearing strength 
was probably not attained. How much above 888 lb. per sq. in. 
really cannot stated. The high values unit shear reached 
these tests, together with the fact that the lowest value for the unit 
shear any the beams when the first diagonal crack was observed 
was the neighborhood 185 lb. per sq. in., indicate that the 120 
per sq: the Joint Committee’s recommendation low enough, 
provided the shear reinforcement adequate. should remem- 
bered, too, that the concrete these tests was not exceptional rich- 
ness, nor otherwise better than ordinary building quality. 
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FREMANTLE GRAVING DOCK: 
STEEL DAM CONSTRUCTION FOR NORTH WALL. 


Toward the end 1910, the writer was appointed the Western 
Australian Government design and carry out departmentally the 
Fremantle Graving Dock, the construction which was hand 
under the Engineer-in-Chief the Public Works Department, Mr. 
James Thompson. When the writer took charge, area had been 
dredged for the dock depth ft. below low-water mark, the 
ordinary rise tide being about ft. in. and extraordinary tides 
rising only ft. The tidal rise and fall are irregular and intermit- 
tent, and, large extent, depend the direction the wind. 

The whole policy future work depended the core borings, 
which had been taken previous the writer’s appointment. From these 
core borings (two typical bores are shown Fig. will 
noted that the ground consisted generally calcareous sandstone 
containing pockets sand, with bed clay lower level. 

After careful consideration and examination the dredged spoil, 
the writer advised the Engineer-in-Chief recommend the Govern- 
ment abandon the site. From the plan, Fig. will noted that 
doing this, the entrance and fairway the harbor would con- 


papers are issued before the date set for presentation and discus- 
sion. Correspondence invited from those who cannot present the meeting, 
and may sent mail the Secretary. Discussion, either oral written, will 
published subsequent number Proceedings, and, when finally closed, the 
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siderably improved, and the work already done could turned 
advantage. 

However, costly enterprises and large undertakings are not 
changed lightly, and was decided put down shaft, make 
examination the bottom, and thoroughly test the porosity the 
ground. For this purpose shaft, ft. in. square, was built, con- 
sisting 12-in. steel piles, ft. long, manufactured the United 
States Steel Products Company, the minimum head being ft. 

This shaft dam was unwatered successfully two 7-in. pulso- 
meter pumps, puddled clay being used the outside. pump- 
ing down ft. below low water, burst “blow” occurred under 
the root the piles, which, large extent, choked itself; but 
was sealed finally “swab” Italian gasket attached 
sinker, which enabled the shaft pumped out. examina- 
tion was found that, ft. below low water, the rock was hard 
the north side, but very soft the remainder the area, and 
had been noticed that three the piles had refused drive home 
the north side, while the remainder drove easily, few easily in. 
blow) that, although they were not driven set, driving had 
stopped they would have been under water. 

This variation ground such small area was very marked, 
and, his report, the writer pointed out that was problematical 
whether would safe found dock this particular locality, 
and, further, that there were indications that heavy pumping would 
necessary. 

drawing the piles was noticed that they had penetrated 
bed clay, thus confirming the borings, and also showing that the 
clay was good quality. 

The writer again advised the Government, the grounds the 
uncertainty the bottom and the initial cost, change the site. 
was decided finally the Government curtail the sphere 
operations the north wall the dock, and, the event the ground 
being found unsatisfactory and the ultimate cost prohibitive, 
abandon the dock and construct quay for commerce. the same 
time the spit rock was dredged out, thereby considerably im- 
proving the harbor. 

work this character prime cost very often not sufficiently 
realized, but this case estimates were prepared, from data obtained 
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from similar work, accounting for every item except pumping, which, 
considering that was deemed impossible ascertain, was left 
unknown quantity, with the intimation that the cost would excessive. 
From the borings will seen that the material which the piles 
were driven consisted hard limestone cap, coral, clay, and sand- 
stone, the limestone cap being particularly hard portion the 
pumping station, where total ft. driving had done, 
or, other words, each pile had driven ft. into the ground. 

Public tenders were called for, and the lowest, that the United 
States Steel Products Company, was accepted. 

worthy record that, driving one the steel piles, 
45-lb. per yd. steel rail was cut into two pieces, one section being 
found subsequently excavating within the dam. 

From driving point view, these piles are admirable, the 
cross-sectional area, displacement, small compared with the cover- 
ing area the face the pile, being very much like driving 
knife into pat butter, and yet, although whippy, with care very 
few piles were damaged; and, further, shipping 1900 piles, ft. 
long, from the United States Western Australia, not one was 
damaged, and only two were damaged handling for driving. 
handling from the steamer was found best have fish- 
plates Oregon pine, ft. long, with sling chain around them, 
placed ft. from one end. 

handling, preparatory driving, single piece 3-in. 
Oregon pine, ft. long, was found best, and was slung one-third from 
one end. 

Design design the dam, large extent, was 
assisted the results attained the small trial shaft. The object 
was have few sets timber possible, consistent with safety, 
and all the shoring had done divers, both from the point 
view economy and speed, this was most important. 

The points that require careful watching designing dam are: 


skin (which can taken beam supported 
several points, and extent this advantageous, 
benefit derived from contraflexure) 

2.—Strength walings longitudinal beams; 

3.—Strength shores transverse columns; and, 

4.—Factor safety the dam. 
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Great benefit may derived from working water, pos- 
sible calculate exactly the loads which the various members 
the structure have carry; and, needless say, the object place 
the walings and shores that they and also the skin will have 
ample factor safety. 


For many reasons, was decided use jarrah for the walings 


shores, and, the writer had previous knowledge this timber, 
was with small interest that watched its behavior. jarrah 
product Western Australia, supply could obtained the 
reasonable price shillings per cu. ft. delivered railway trucks 
the job. nearly always heavier than water, and consequently 
will sink, which advantage for divers’ work; its strength lies 
its outer fibers, therefore safer use hewn than sawn jarrah, 
hewers will always hew with the grain. 

heart timber was being accepted this case, the heart was 
the neutral axis center the log; further, jarrah short 
grain, certainly advisable not accept sawn logs, there 
danger the grain running out unless great care exercised. 
addition this, the dam was being built sections, the divers 
keeping ahead the pumped-out sections, the navalis had 
guarded against, and jarrah the best local timber for resisting 
this pest. 

designing the dam, maximum tide ft. in. above low- 
water mark was considered (this seldom ever reached), and the 
dredged bottom was taken ft. in. below low-water mark, thus 
giving total calculated head ft. in., which actual work 
could taken ft. Further, clay puddle was tipped mini- 
mum height ft. the skin the order make seal 
the porous rock, and, the same time, reduce considerably the 
head the dam. Assuming that the shores are placed 10-ft. 
centers horizontally, the pressure strip dam, ft. wide, is: 


The strength jarrah beam, loaded uniformly and supported 
stant which has been ascertained 13; the breadth, and 
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and the length, which ft., 108 in.: 


2 
Breaking weight, hundredweights 
108 


642 
132 tons. 


132 
Thus, using factor safety the safe load 


» 


tons. 


From this the number walings beams required 


worthy note that, calculating the strength walings, 
allowance was made for the fact that the beams were continuous 
over several supports, thus giving greater margin safety than 
shown. The shores columns were in. square and ft. in. 
long, and were worked out Gordon’s formula similar manner, 
one end being considered rounded and the other fixed, the factor 
safety being slightly less than 

When the driving the piles was completed, was found that 
was impracticable keep them absolutely vertical line, due 
the hard nature the ground; and, although the divers packed 
between all piles and the back the walings, certain amount 
unquestionable bridging arching took place. This was marked 
that, without any further delay, additional shores were placed along- 
side those already in, the factor safety the walings thus being 
increased and the shores almost 

The skin the dam important, and the largest span was settled 
empirically from observations taken while pumping out the small 
trial shaft, and was clear span ft. in., subjected actual 
head ft. in. water. the dam question, the span was 
ft. in. between the second and third shores. Between the first and 
second shores the clear span ft. in., and, although allowance 
was made for high tide ft. in., seldom ever reached. 
From the writer’s experience, clear span ft. in., subjected 
mean head ft. in., quite satisfactory, the total load 
pile being 4.88 tons, and the maximum stress about tons per in. 
From the foregoing may noted that uniformity has been reached 
the temporary dam, and certainly not the expense safety. 
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The embayment for the pumping station offered difficulties out- 
side the ordinary section the dam, and the writer proposes touch 
briefly this stage. 

The maximum length the shores (shown Fig. ft. They 
were built 14-in. jarrah logs, with fish-plates top and 
bottom consisting 20-ft. half timbers jarrah (14 in.), without 
heart, held together with fourteen 1-in. bolts. Care was taken 
alter the lengths the timbers each line shores alter 
the position the joint; this important. 

turn, these shores were subdivided, vertical and horizontal 
“toms”, into small shores ft. length. tier shores was 
anchored the line below long bolts, and, during excavat- 
ing, they were invariably kept packed down the ground relieving 
“toms”. Further, deflection in. the center was allowed 
overcome any tendency the shore bend upward break, and, 
addition, there was always considerable weight the top setting, 
due the staging carrying the crane and railway tracks. trouble 
was experienced any way from these shores, the factor safety 
them being 5.27. 

Practical Points Construction.—Important points were observed 
during the construction, and perhaps the writer may pardoned for 
stating them some detail. 

First, the utmost importance that the female end the 
pile should always driven over the male, and not the male the 
female. the latter done, column spoil will compressed 
under the male the jaws the female which will finally end 
the bursting the structure. enable rapid progress two piles 
were split down the center and double male pile manufactured, rivet- 
ing in. T-iron the back for stiffness. this means 
two piling machines were utilized; one was built outrigger, with 
one end supported staging and the other end log the 
ground, the piling frame, winch, boiler, etc., being self-contained and 
easily moved. The other machine was barge, and was also self- 
contained. 

passing, may mentioned that the piling winches were 
made the Lidgerwood Manufacturing Company (No. 724), and were 
capable working 2-ton “tup” hammer. tup was 


found best practice, and good man can get blows per 
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min., 5-ft. drop being quite sufficient. From the plan will 
noticed that provisions were made for subdividing the dam every 100 ft. 
using T-piles, male and female T-pile being left opposite each 
other; this was done accordance with the catalogue the makers 
the piling. When the time came drive, however, difficulties 
arose, and they could overcome very easily the manufacturers 
the piles, the writer mentions them, hoping that may thus assist 
others. 

First.—By having female T-pile, would mean, the ordinary 
course, driving male pile it; previously mentioned, this 
done, will end disaster, unless the spoil which driven 
fluid mud. overcome this, double female pile was made, and 
one side strip iron, in. wide and in. thick, was tapped 
the outside one jaw order make lock. The jaws were 
then interlocked, and the pile was driven, there being clearance for 
any displacement spoil between the jaws. 

Second.—Great care must exercised keeping the two T-piles 
parallel, otherwise obvious difficulties will arise closing. The manu- 
facturers could overcome this making expanding pile with 
slotted holes, enable the closing pile vary its width from 
the top the bottom. 

Third.—Even with parallel piles, extremely hard marry 
with the closing pile, and desirable have few piles dif- 
ferent width. 

male T-pile used each side the dam, 
should done, double female pile required with which end, 
and such should supplied the manufacturers. 

Fifth—If male T-pile urgently required, can easily 
made, and small cost, riveting ordinary 45-lb. rail 
ordinary pile. 

driving the piles, the moment one seems harden- 
ing and has not reached the required depth, another should 
driven ahead it, and, necessary, this should repeated until 
there are signs having reached soft ground again. then 
possible exert more force, but even then abuse must not 
resorted to, there grave danger parting the piles, but this 
does happen having driven ahead, that danger limited extent 
and only local. 
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From the cross-section will noted that the piles toward the 
shore were driven the side cliff, which had been left very 
irregular condition the dredging, and added considerably the 
difficulties the piling gang; also rather retarded the progress, 
some piles had drawn. fair month’s work for the two ma- 
chines, there being two 8-hour shifts each machiné, averaged 370 
piles, representing 361 lin. ft. driving. 

The first steel pile was driven July 14th, 1911, and pumping 
was started Dam Section No. November 16th, the entire dam 
being framed the end that year. 

interesting note that 1872 steel piles were used, repre- 
senting 385 lin. ft., miles actual driving. the first dam 
section there were 401 piles, which gives 060 lin. ft. joint, repre- 
senting very nearly miles joint. 

Constructional the top the piles will noted that 
jarrah log. This strap was bolted through every fourth steel pile and 
the inside waling 1-in. bolt. Although trouble was experienced, 
the writer would recommend bolts for this purpose. 

The walings were hung two 1-in. bolts from the top timber, 
breaking joint, and between each, there were placed distance pieces 
“toms”, cut the required lengths; this way the necessary accuracy 
placing the walings the divers was assured, and the progress 
was rapid. 

Owing the fact that the piles were over the heads and out 
plumb, there was tendency lift the walings, that the “toms” 
and through bolts play active part, and require most careful watch- 
ing, the event any small movement, disaster great 
magnitude life might result, and almost without any warning. 
movement was observed, but careful examinations were made and 
soundings were taken every ft. daily the clay outside the dam. 

When necessary, packings were placed between the walings and 
the steel piles the divers, and, when the dam was pumped dry, their 
work was found have been done both creditably and satisfactorily. 

Across the embayment the pumping station some interesting 
work was done. there was only sloped bank which shore, 
was obvious that some other method would have adopted. 
Accordingly, half timbers were bolted the long shores, top and 
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bottom, and packed against the top and bottom the fish-plates 
which served build the long shores and for which purpose four- 
teen bolts were used. This shown clearly the section 
BB, Fig. 

King piles, composed two 14-in. jarrah logs, bolted side 
side, were driven into the ground, and shores were then placed 
the diver from the waling the king pile, and again shored the 
bolted half timbers, previously mentioned, when the dam was pumped 
down. 

soon the water was below each setting, the long shores were 
put in, and all “tomming” and “lacing” done once. 

Pumping Plant.—Three 15-in., centrifugal pumps were used, each 
capable working follows: 


500 
500 
500 800. 


The weight the pumps and engine combined was about tons, 
that they were within convenient compass the 5-ton cranes use. 

Allen “Conqueror” centrifugal pumps were used, and were direct- 
coupled “Allen” enclosed two-cylinder compound engines. Each 
engine developed 110 h.p. 450 rev. per min. and steam pressure 
110 per sq. in., the diameter the cylinders being and in., and 
the length the stroke in. 

The boilers were made Ruston, Proctor and Company, Limited, 
Lincoln, England, and first consisted two semi-portable, multi- 
tubular boilers, each having grate area sq. ft., capable 
evaporating 4000 lb. steam per hour, with pressure 150 per 
sq. in., the heating surface being 814 sq. ft. Their length over all 
was ft. in., their diameter, ft. in., and each contained 105 
tubes. The weight each boiler without fittings was tons 
and with fittings, 114 tons. 

Pumping was started November 16th, 1911, and continued with- 
out intermission until July 23d, 1912. was found necessary add 
another boiler, due partly the low calorific value the coal used, 
but mainly account the necessity for cleaning and washing out 
the boilers, such operations being prejudicial the continuous running 
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three pumps. addition, one steam pulsometer pump was 
used for well sinking, 

The Imperial Electric and Engineering Company, Perth, West- 
ern Australia, was the local agent for the above firms, and satis- 
factory note that from start finish there were breakdowns, 
result which most satisfactory when the entire work the mercy 
the pumps. 

Work Done Under Cover the Temporary Dams.—The pumps 
were first placed the bays the bulkhead, one pump taking one 
bay the dam. They were supported staging well braced, checked, 
and bolted timber piles driven inside the dam. first all three 
pumps were engaged, but gradually reduction the pumping took 
place. The area unwatered was 10453 sq. ft. 

After excavating some ft., was found that, due the hardness 
the rock that locality, some the piles had not driven. reach- 
ing level ft. below low-water mark, was decided excavate 
74-ft. well for the temporary pumps, down ft. below 
low-water mark, within steel piles, and the center the main pump- 
ing station, shown Fig. This was done, using 7-in. pulso- 
meter for sinking purposes. Sulphureted hydrogen gas was en- 
countered, which caused very great discomfort the workmen, some 
whom became temporarily blind, others developed eczema, and every 
one concerned had bad yellow color and became “as lean crows”, 
suffering from severe attacks cramps and general debility. silver 
coin placed the water became bronze color few seconds. 
front the well, the piles were steel cut into 5-ft. lengths, and grat- 
ing was provided which worked groove, that, when excavating 
the body the dam, 5-ft. length would removed, and the pumps 
were protected the grating. This answered admirably, and in- 
convenience was caused the silting the rose the pumps. 

Unfortunately, after everything had been completed the shaft. 
blow occurred the bottom the well, and, although not serious, 
was necessary discover its source. The first thought was that 
the flow might coming under the ground where the piles had not 
driven satisfactory, or, other words, the hydraulic gradient had not 
been cut off. ascertain this, holes, ft. deep, were drilled ft. 
away from the skin the chamber opposite the gap the piling 
and centers apart; drilling depth ft., ft. below 
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low-water mark, the drill dropped ft. and water spurted through 
the hole. was thought that the source the trouble had been 
found. 

try and trace the flow water, strong solution potassium 
permanganate (KMn O,) was forced under pressure down the drilled 
holes, but results were observed. mentioning the matter 
Mr. Mann, the Government Analyst, pointed out that the 
sulphureted hydrogen would change the purple color the per- 
manganate rapidly brown, and then colorless solution, this 
being due the sulphureted hydrogen (H,S) changing the per- 
manganate oxide manganese with deposition pure sulphur. 
Some sulphate due the formation sulphuric acid 
also probably formed. 

Mr. Mann kindly gave this question the presence sulphureted 
gas his attention, was very noticeable that there was considerable 
corrosion the steel piling, addition the other features men- 
tioned previously. The writer will refer this matter later. 

For tracing the flow water, Mr. Mann recommended fluorescein 
tremely bright green fluorescence, which did not lose its color even 
considerable volume water. 

Almost immediately flow water was traced the main dam, 
few seconds only elapsing after putting few grains fluorescein 
before its presence was apparent. Accordingly, systematic drilling 
and grouting under pressure was adopted, and was novel the 
writer, may pardoned for referring the subject some 
detail. 

was found advisable, from experience, first procure 
4-in. iron pipe, from in. long, and concrete flush with the 
ground with 12-in. cube concrete, shown Fig. This was 
used for drilling purposes, and prevented the ground from being 
fretted the drill; also stopped any leakage during grouting under 
pressure. Machine drills and compressed air were available for drill- 
ing, but the strata were such render them useless, and was 
found cheaper jump the holes down hand. chisel drill, 
in. across the bit, was used, and, the pumping-station area, 
ft. was the minimum depth hole drilled. reaching level 
ft. below low-water mark, previously mentioned, cave ft. 
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deep was entered, and strong flow water under pressure was set 
free. The hole having been drilled the requisite level, iron pipe, 
ft. long and in. diameter, was hammered in. This pipe had been 
previously roughened the outside and tightly wound with strips 
soft bagging, making tapered shape very much like ordinary 
top; this was well tallowed and tightly bound with strong twine; 
the upper end the pipe was thread which was screwed 
ordinary 2-in. straight-way valve. some cases tapered wooden plugs 
were used until immediately previous grouting, when they were 
replaced the pipe valve. may mentioned that there was 
trouble from leakage, even under pressure per sq. in. 

Grouting grouting machine, Fig. similar the Can- 
niff tank grouting machine* was made. Small modifications, which pos- 
sibly might regarded improvements were introduced, such having 
bends the pressure pipes, such bends being obviated having 
T’s fitted with plugs and used for cleaning purposes. When the pipes 
became blocked, these plugs were found invaluable. The Canniff 
machine consisted steel tank, ft. in. high and in. 
diameter, fitted with movable hopper top hinged door, 
grating in. from the bottom, prevent lumps from going through 
the pressure pipes, and air diffuser again below, which also served 
the purpose grating. The pressure was admitted again 
ordinary coupling, and had screw-down valve each side 
and, addition, straight-way valve the grout exit pipe. 
simple regulation these valves, air pressures could admitted 
either the top bottom, which means the grout was prevented 
from settling and the clogging the pipes was reduced mini- 
mum. were provided the bottom, and the top flange 
rings for slinging, that the machine could moved readily 
crane. The tank was built the Government workshops and tested 
pressure 100 per sq. in., the maximum working pressure 
being per sq. in. 

Grouting Under systematic plan grouting was ar- 
ranged (Fig. 3). using fluorescein, flow water had been 
indicated cave subsequently found near the locality the tempo- 
rary pumps (first position); addition this, flow water was 
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also found opposite the temporary pump-well grouting the bore 

grouting the west bores next the sheeting, was found that 
the flow water had been entirely stopped. This was proved con- 
clusively the fact that when grouting holes were drilled ft. in. 
behind them, water spouted up, and, further, the drilling was 
done through layers hard cement this was most encouraging. 

regards grouting the east side: strong flow water was 
observed, particularly those grouting holes near the northeast corner, 
and the entire line was grouted solid the machine working from 
one hole the center, showing that considerable penetration could 
had for the cement. 

precaution, all valves the grouting pipes the vicinity 
the pipe being grouted were left open unless they were running 
freely. the latter case one valve nearest the pipe being grouted 
was left partly open. The reason for this was that with grouting 
pressure lb. per sq. in., there would grave danger blowing 
the ground which being grouted, and valve the vicinity left 
open would act safety valve. actual practice was observed 
that the surface ground started crack, due being tension, and, 
but for turning off the pressure promptly, trouble would have been 
experienced, everything indicating the formation miniature 
voleano. 

average, each hole took cu. ft. grout (equal parts 
cement and water), and, when the machine ran very freely, saw-dust 
was added. From subsequent excavations was shown that the results 
were most satisfactory, and the penetration the cement most marked. 

appreciable decrease pumping was now observable, but the 
flow the well was still considerable. was decided put down 
some trial holes the neighborhood the burst, and Holes and 
were drilled, shown Fig. While drilling Hole the drill 
dropped ft. in. without any warning, indicating that fissure 
had been entered, the invert being ft. in. below low-water 
mark. Hole which was ft. in. from Hole indicated 
sudden drop the drill that the cave entered was that place ft. 
deep, the invert being ft. in. below low-water mark. 

larger hole was then drilled into the cave and 4-in. pipe was 
inserted. The water rose this pipe within few feet the 
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level the water the river, and the pressure was found 
9.53 lb. per sq. in. 

one the grouting bores pressure per sq. in. had been 
recorded. was realized that, unless this cave could grouted, 
the chances going with the dock successfully were remote, and, 
further, that the utmost caution would necessary proceeding 
with the work. sudden blow might very easily have meant 
disaster all the men working below. Careful preparations were 
made for filling the cave. swab Italian gasket with sinker 
attached marline was forced down the pipe into the cave, and 
there was taken the current and jammed into the exit burst 
the well. Altogether, sixty these swabs were used, and this 
way the burst into the well from the cave was sealed. Then the task 
filling the cave was commenced. previously mentioned, there 
were two pipes into the cave, one which gravity pipe was 
fixed above ground level, consisting skip fitted with pipe 
and valve the bottom, and the other the grouting machine was 
attached with the usual valve. 

The fight was started the early hours the morning and was 
continued without stopping until midnight. Altogether, tons 
cement were forced into the cave; and, midday, ashes and water 
were forced through the gravity machine with view saving cement, 
tons ashes being used. 

sounding was taken the well midnight, and progress 
all was observed. sending diver down inspect the well, 
reported that there was practically leakage, that some benefit had 
been attained indirectly. 

this stage several crucial points had been definitely established: 

1.—The job would have dealt with small sections. 

2.—That being the case, with the pumping plant available, would 
take least years complete the work, and overcome this 
would necessary multiply the pumping plant order get 
several sections under way time. 

3.—The cave would either have grouted opened out and 
filled with the former had failed, the latter would have 
attempted, and would extremely difficult. 

4.—The ground was such doubtful character render 
necessary grout all over the site, which having been done, the safe 
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permissible load that would carry would low, and the writer was 
doubtful whether tons per sq. ft. could exceeded. 

5.—Corrosion due sulphureted hydrogen gas was going 
rapidly render the re-using the front steel piles more than 
doubtful. 

6.—Steps would have taken decrease the pressure the 
sulphureted hydrogen gas. This gas caused the writer considerable 
anxiety, and necessary remember that the stability the floor 
depended the concrete being fortified steel, and such fortified 
concrete had designed withstand hydrostatic pressure from 
below and statical load due vessel the keel blocks. 


This latter was necessary owing the ascertained uncertainty 
the ground and the presence caves. Therefore, this steel 
the ferro-concrete was attacked corrosion accelerated sul- 
phureted hydrogen gas, the consequences would serious. 

supplementary estimate was given the Government, which 
brought the estimated cost the dock from its inception 
£725 000, and the writer advised the Engineer-in-Chief 
the Government abandon the site and look elsewhere. 

From harbor point view, the site was bad one, and if. 
the writer firmly believes will happen, liners the Australian 
trade materially increase size, more than probable that either 
the dock the Port Fremantle would have moved. 

Bearing mind that great deal the work done the site, 
such dredging, would reproductive, the Government decided: 

1.—To look elsewhere dock site; 
build quay the north side the dock site capable 
berthing any mammoth liner afloat, and such berth was 
the mouth the river, would entail the minimum amount 
dredging for entrance the deep-water berth; and 

3.—To dredge away everything the south and west and very 
materially improve the harbor. 


never satisfactory abandon any engineering work; never- 
theless, the duty the engineer keep careful watch, and fore- 
the ultimate expenditure the work. 

Taking all items into consideration, everything indicated that the 
ultimate cost the dock would exceptionally heavy, and, the 
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same time, the probable return the money expended through 
steamers utilizing the dock would small; consequently, the Govern- 
ment was fortunate being able take advantage the alternative 
scheme and utilize the work already done. 

The latent resources Western Australia, such timber, mining, 
agriculture, dairying, wool, and fruit, are being rapidly developed 
progressive Government, and further extension the Harbor 
Fremantle has been authorized. 

Table schedule the rates pay for the various classes 
workmen engaged the work, and may interest. The hours 


worked totaled per week, and, addition, there were 104 paid 
holidays per 


TABLE 1.—RATES PAY WORKMEN. 


Rate per day, Rate per day, 
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Discussion.* 


Boy, Assoc. Am. Soc. (by letter).—Regard- 
ing the four conditions required deal with continuous beam 
though were two independent beams fixed the intermediate sup- 
port, Conditions and are course fulfilled and also Condition 
because, when settlement feared, structure not supported 
different levels, but the same level; and under the condition 
the same level that loads act the structure, which will settle un- 
evenly the foundations are not well proportioned the loads they 
are sustain. This what must avoided; therefore, cannot 
considered actual working condition. 

for Condition not mathematically fulfilled, but might 
accepted approximate enough, because the position the engine 
for the maximum reaction the intermediate support agrees very 
nearly with it, for which the writer refers Fig. and Article 
regard the possibility assuming uniform axle loads, uniformly 
spaced, computing trestle works, with results approximate enough 
actual practice, which the writer’s standpoint, stated the 
preface the paper. 

Moreover, usual, working out solutions engineering 
problems, that some assumptions made, for the sake simplicity 
the resulting formulas, provided they prove approximate 
enough practice. 


quoting the equation for the reaction Mr. Howalt shows 

a+b 


that the point discussion, and the uplift, has been taken 
into account when calculating the reaction. 


Continued from October, 1912, Proceedings. 
Author’s closure. 
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for Fig. which was used loading diagram compute 
the cross-section beams, the writer accepted spite the fact 
that not absolutely exact, either for the bending moment for 
the end reaction, because, refined accuracy not required, rather 
usual compute the bending moments placing the heaviest axle 
loads about the center the span, and the others their relative 
positions, for the reactions, they are for the heaviest 
total load the beam, and, after stating that the formula obtained 
for the moment, ought disregarded practice, the writer 
did not consider necessary fully into the matter, everybody 
acquainted with the influence diagrams and the method the 
French engineer, Barré, fixing the position the center 
gravity the axle loads for the maximum bending moment end- 
supported beams. 

The foregoing assumption might checked follows: 


Let 38.7 tons, accepted the writer’s that 

19.3 tons under each rail 232 in-tons 0.5 tons (permissible 

stress) (section modulus). 464, which practically 


n 
4 


corresponds two 16-in. pieces, the section modulus which 

Using the bending moment, 42.07 tons, worked out 
Mr. Howalt, under each rail 21.03 ft-tons 252.36 in-tons, and 


assuming before that 0.5 tons, 504.72, which also corresponds 
two 16-in. pieces. 

Therefore, the writer’s purpose being only the comparison the 
resulting cross-sections for the same loading diagram, both the case 
the end-supported beam and the one fixed-end beam, the use 
Fig. does not appear unreasonable. 

Howalt appears think, but Fig. which might ascertained 
checking the arithmetical that really cannot 
compared the value, 49.92 ft-tons, obtained Mr. Howalt 
for Fig. even such value correct. 

The writer does not like insist trifles, but his attention was 
the fact that the bending moment for continuous beam 
under concentrated loads higher than for end-supported beam 
covering the same span the rate 49.92 ft-tons, against 42.07 
ft-tons (both figures Mr. Howalt), and although the mat- 
ter has been explained quite definitely Mansfield Merriman, 
Am. E.,* the writer checked the foregoing figures 
Fig. 
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The central load tons being disregarded, bears directly 


and, therefore, produces deflection, the theorem three 


moments for concentrated loads might applied the two 11-ton 
axles, and therefore: 


0.54 for the first span, and 0.5 for the 
‘span. 


Then: 
195.92 


24.91 ft-tons, against 49.92 given Mr. Howalt. 


Dealing with the continuous beam though were two separate 
beams fixed the intermediate support, and applying the writer’s 
formula for the results are follows: 


For the first span 25.2 ft-tons; 
For the second span 24.7 ft-tons; 


against the 24.91 ft-tons given the theorem three moments, 
whereas Mr. Howalt’s figures are about twice great. 

the obtained value for the reaction “happens correct,” 
and the value according the same method, also happens 
very close the exact figures, and, moreover, the whole de- 
duction accordance with the general principles the theory 
flexure, the writer thinks that his method not altogether wrong, 
although considers that practice must disregarded com- 
puting the cross-sections stringers, statéd the paper. 

Referring Mr. Parker’s discussion, the only point decided 
whether not the results obtained considering the continuous 
beam two independent beams, fixed the middle point, are approxi- 
mate enough practice. course, the deduction the basis 
the theorem three moments mathematically exact and excludes 
any assumption, and, furthermore, Mr. Parker’s formulas are handy 
that had the writer known them, would have accepted and used 


Mr. 
ilar 
Boy. 


Boy. 


them instead working out the solution the same problem 
different way. 

the same time, Mr. Parker’s conclusion the method the 
paper giving much less reaction than the correct one, 
probably due the fact that the percentage shown the curves 
Fig. refers the actual load the beam, whereas the percentage 
shown the paper refers the reaction without regard 
the continuity the beam. 


The figures obtained applying Mr. Parker’s formulas Fig. 
will prove it: 


gives the following results 


For the left-hand load, 8.03 against 8.06 shown the paper. 
Total reaction 27.62 27.62 shown the paper. 


order prove that the foregoing result not mere coincidence, 
the writer tried compare both formulas (Mr. Parker’s and his own) 
from theoretical and abstract standpoint, follows: 

avoid any misunderstanding, the symbols, and the writer’s 
formula will expressed Greek and because such 
formula and represent the actual dimensions, feet, whereas 
Mr. Parker’s they are fractional factors, that the actual lengths 
the two stretches beam are and respectively, that say, 

Therefore, the writer’s formula: 


which identical with the resulting formula the basis the 
theorem three moments, this being why the writer believes that 


Mr. Parker’s assertion, about the different results obtained from his 
and the writer’s formula, due misunderstanding. 


DISCUSSION NOTES BRIDGEWORK 241 


Similarly, the writer’s formula for might reduced to: 


Mr. 
Vilar 
Boy. 


the difference between these two values being the 


maximum the absolute value which (for constant load, 


corresponds the maximum value the first derivative 
which: 


toa= 0.3333 0.58, which corresponds maximum the 

function, the second derivative negative expression. 


Therefore, the maximum absolute value should be: 


(0.58 0.20) 0.38 0.095 or, other words, the 


maximum error the value R,, due the writer’s assumption, 


should 94% the load, case only one span loaded, shown 
Fig. 


1 

' 


the two spans are loaded, Fig. the reaction should 
follows: 


and, therefore, the total reaction would 


Equation (4), that the axle loads are uniform and uniformly 
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_Mr. spaced, which the case the engine drivers the standard loading 
diagram, both formulas (Mr. Parker’s and the writer’s) should lead 
exactly the same values. 
for the actual axle loads, the conditions prove close 
symmetry that the difference between the results both formulas 
may disregarded practice. 


Referring again Fig. 


using Mr. Parker’s method 


Whereas, the writer’s method gives 

The error 2.981 2.959 0.022 tons, that say, less than 
the exact value, which within the error the slide-rule, the use 
which generally accepted. 

Reviewing the whole discussion, the following conclusions might 
obtained: 

for the value the reaction the intermediate sup- 
port (which was the writer’s primary purpose), the assumption 

continuous beam being equivalent two separate beams fixed the 
intermediate support proves absolutely exact any case. 

for the reaction the ends and the bending moment, 
the above assumption absolutely correct the case the two spans 
being symmetrically loaded, and approximate enough practice for 
the actual loading diagrams. 

for the reaction the ends and the bending moments, 
the assumption should incorrect the case only one span being 


loaded, which not the actual loading diagram the problem sub- 
mitted the writer. 
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THE STRENGTH COLUMNS. 
Discussion.* 


Ese. (by Godfrey’s discussion contains 
great deal controversial matter regarding the strength columns, 
and the writer will endeavor reply some the points that have 
been raised. regretted, however, that Mr. Godfrey was 
not more definite stating his objections. Vague statements, unless 
based reasoning some kind experimental evidence, can hardly 
considered discussion the subject. Mr. Godfrey states that 
has repeatedly assailed both the Rankine-Gordon and Euler formulas 
for columns, and has observed and demonstrated, his practice and 
reading, that confidence these formulas has resulted failure. 
The writer totally differs with him, after examination the 
majority the tests made columns. From the results his own 
experiments, has come the conclusion that the Rankine-Gordon 
formula, when secondary flexure allowed for, may relied for 
the design columns; and, has shown previous papers, 
gives results which agree more closely with the experimental tests 
than can obtained the use any other formula; further, the 
formula logically derived, merit not possessed any other column 
formula. has fully discussed the derivation both the Rankine- 
Gordon and Euler formulas the papers referred the Appendix. 

Mr. Godfrey’s examples the uses Rankine-Gordon’s and 
Euler’s formulas are unfortunate, and show how dangerous 
use the constant the Rankine-Gordon formula without knowing 
how has been derived. Euler’s formula always gives greater value 
than that obtained from the Rankine-Gordon formula under similar 
conditions column loading. The riter would refer Mr. Godfrey 
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the constants given the paper and the manner their 
derivation. 

Mr. Godfrey states that the Rankine-Gordon formula fails meet 
the needs the practical design columns, and that the straight-line 
formula far superior. gives results closer those obtained from 
experiments, and there are several reasons why should. the 
paper the writer has referred the merits the Rankine-Gordon 
formula practical one for the design columns, and does not 
propose discuss further. has also referred the straight- 
line formula. His own experiments show that does not give results 
which agree closely with the experiments, and there are reasons, 
based either theory experimental evidence, why should. 

Mr. Godfrey mentions two instances columns, which the 
component parts were joined batten-plates and the disastrous 
results which followed the use these columns. The writer agrees with 
Mr. Godfrey that lattice bracing should used, columns this 
kind cannot transmit the shear stresses set the: bending 
the columns. 

Mr. Eckersley’s remarks are generally accordance with the 
writer’s views; the mathematical treatment the column problem, 
however, the present state knowledge, appears full 
difficulties almost rigorous solution, notwith- 
standing the efforts made this direction various investigators. 
for this reason that many semi-empirical formulas have been 
put forward different times, and these, stated the paper, 
the writer considers the Rankine-Gordon formula, together with his 
own modification it, the best. 

thinks that any attempt solve the column problem should 
approached somewhat follows: Let solid column, shown 
Fig. given, which the load applied given eccentricity, 
When loading gradually applied the column, commences 
bend deflect, and the magnitude the deflection depends the 
elasticity the material, other quantities being assumed constant. 
the loading the deflection increases, and when 
reaches limiting value, depending the strength the material, 
failure the column takes place. The problem thus considered shows 
that, among other quantities, three are involved, namely, the coefficient 
elasticity, the strength the material, and the deflection, 
when failure the column takes place. 

follows that any column formula must necessity, among other 
quantities, include these three, generally applicable. The 
mathematical treatment the problem leads de- 
termining the deflection, and far the writer aware, can 
only approximated to. remains for future investigators de- 
termine the rigorous form the function governing the 
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The formation satisfactory column formula will then easy 
matter. 

Mr. Prichard’s remarks require more detailed reply, and the 
writer will endeavor discuss the more salient points raised. Mr. 
Prichard states that “does not share the author’s opinions the 
theoretical and practical excellence the Rankine formula, and 
does not approve the use such high unit stress for the ‘strength 
compression’”; and, further, after referring Rankine, states: 


“Subsequently, [Rankine] makes the mistake applying one 
these equations the deflection columns, entirely overlooking 
neglecting the fact that, all cases ordinary columns, part, 
least, the stress the extreme fiber due direct compression. 
This mistake leads erroneous formula for columns, which, 
the strength Rankine’s endorsement, has deceived and has con- 
tinued deceive engineers, and interfere with correct understanding 
the subject, for more than fifty 

“The error reflected the author’s Equation for deflection 
columns, which makes factor the total stress intensity the 
the load per unit area). The author prefaces this substitution with 
unwarranted assumption, which, states, ‘errs’, and gives what 
terms ‘the first approximation’.” 


With regard the foregoing remarks, either Mr. Prichard 
error, has not studied the underlying assumptions made the 
derivation the Rankine-Gordon formula; for the real point the 
formula that does allow for the stress the extreme fiber due 
direct compression. Mr. Prichard also error stating that 
should used for the derivation the formula, and the 
writer would refer him the articles Engineering, quoted the 
appendix the paper, which will find the Rankine-Gordon and 
Euler’s formulas fully discussed. There doubt that, after perus- 
ing the same, will qualify his opinion regarding the substitution 
referred being unwarranted one. Mr. Prichard then quotes 
from Rankine the theorem underlying the Eulerian analysis 
spring slender column, and states: 


“In view the prevalent uncertainty the theory perfectly 
elastic, initially straight, centrally loaded columns, the writer suggests 
that the author state whether accepts this theorem Rankine’s; 
and does not accept it, that indicate wherein considers 
Rankine’s ‘proof’ error.” 


the articles Engineering previously referred to, the writer has 
already stated his objections the Eulerian analysis, and pointed out 
wherein errs; the assumption the moment inertia, remaining 
constant when applied columns false; also the value does 
not remain constant outside the range the elastic limits. article 
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the strength columns will give Mr. Prichard 
further information this point. 

Mr. Prichard does not agree with the writer’s high unit stresses 
adopted for the strength compression, and states: 


“The yield points wrought iron and steel are, beyond question, 
the stresses for wrought-iron and steel columns, and should 
substituted for the crushing resistances given Table ‘the 
strength compression’.” 


The writer does not agree with this statement; from his own experi- 
ments the opinion that the yield point can only determined 
with any degree accuracy annealed bars. bars which had been 
subjected cold rolling permanent strain doubts whether any 
real yield point could said exist. thinks that too much im- 
portance has been attached this quantity standard measurement. 
Tables and given Mr. Prichard, show variation the values 
from 29000 Ib. per sq. in., and, view such wide varia- 
tions, the writer prefers retain the values for the strength com- 
pression given the paper. would refer Mr. Prichard paper 
the elastic limit and strength which the above 
points are more fully discussed. 

Mr. Prichard refers the formula for columns given Marston, 
and states, Table that this formula was first given Marston 
the Am. Soe. E., Vol. and since endorsed 
many authorities. Mr. Prichard error; the formula was given, 
long ago 1878, and modifications have been given 
Perry and Neville. Mr. Prichard puts forward this formula 
rigorously theoretical one; this, however, not the case, the writer 
showed the articles already referred to. Considered 
from the point view practical column formula, open 
many objections. The values given Table show this. the 
particular case when the eccentricity, the loads the column, 


for values between and 70, are all equal, and, for values greater 
than 70, the loads follow the Eulerian curve; this equivalent as- 


suming that, for values between and 70, the column has 
p 


deflection when failure takes place, and then for values greater 
than for the deflection vary approximately the square the 
length the column. This contrary experience, shown 
tests columns, and evidently assume some value 


August 23d, 1912. 
Read before the Institution Civil Engineers Ireland, December 6th, 1911. 
Proceedings, Edinburgh and Engineering Society. 


for the yield point the from experiment, and then 


assert that column within the range between and 70, when 
p 
loaded with the load per unit area, will bend, inconceivable; and 
yet this the standpoint from which Mr. Prichard bases his faith 
the Smith-Marston formula. Experiments show that columns al- 
ways bend before failure takes place, and the writer the opinion 
that some function the length must assumed for the deflection 
the derivation any useful column formula. this respect 
that the Eulerian analysis has had such retarding influence 
investigations columns, the enunciation critical load 
obtained from Euler’s formula, together with zero deflection 
the column, contradistinction the idea that the essential point 
considered the deflection the column when failure takes place. 
The Smith-Marston formula has never found favor with engineers, 
owing its being troublesome use practice; were theoretic- 
ally this would argument against it, but, not, 


there nothing gained using it. conclusion, Mr. Prichard 
states: 


“An important step this direction will have been taken when 
becomes generally recognized that Rankine’s formula based 
blunder caused plausible but fallacious assumption analogy 
deflection beams and columns, that has only the semblance 


‘theoretic basis’, and that not even good empirical formula 
for wrought iron and steel.” 


The statement the derivation the Rankine-Gordon formula 
anything, applies more nearly the formula advo- 
eated Mr. Prichard, the writer has shown the articles already 
referred to. 

Mr. Branne’s remarks are interest the writer. far 
aware, the Rankine-Gordon formula the only one which per- 
mits the determination the sizes the bracing logical way, 
and the examples given the paper show that the results obtained 
its use are closely correct. From comparison the tests carried 
out columns, difficult generalize, owing principally the 
limited range the length the columns tested, and 
hoped that, the future, arranging for further experiments, this 
point will borne mind. 

conclusion, the writer thanks those gentlemen who have discussed 
the paper. Some difference opinion was expected, the subject 
being one much complexity. the paper leads co-ordination 
the results the tests columns, the writer will feel that has 
been amply repaid for the labor preparing it. 
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BRIEF DESCRIPTION MODERN STREET 
RAILWAY TRACK 


Discussion.* 


Mr. Polk’s paper with much interest, and glad that matter such 
vital importance many members has been brought the atten- 
tion the Society. 

expenditure many thousands dollars involved, very 
study should made before type permanent track con- 
struction adopted. many cases, failure has occurred reason 
lack study the character the foundations, and type not 
all suitable existing conditions has been chosen simply because 
other railroads have used that type successfully. 

The writer has had very poor results with the girder type con- 
struction adopted Mr. Polk. This type was the standard when the 
writer became connected with the British Columbia Electric Railway 
Company, Limited, Vancouver, but, account poor foundations, 
the girders had broken badly, with most disastrous results both pave- 
ment and track. 

After careful study, the writer recommended, and the manage- 
ment adopted, the type construction shown Fig. Since that 
time about miles double track this type have been laid, and 
yet signs failure can seen. 

the writer’s opinion that possible build too rigid 
track. trying avoid hard, rigid, inelastic track, which in- 
creases both car and track maintenance, and for this reason criticizes 
the steel ties embedded concrete used Mr. Polk. The concrete 
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between the ties and under the rail will shrink, allowing the rail 
move slightly. The writer favor wooden ties, spaced ft. 
from center center, surfaced about in. sand, which acts 
acushion. This type has given excellent satisfaction Vancouver, 
and not noisy and rigid the steel tie construction. 

the life the wooden ties: special work Vancouver, 
ties which have been embedded concrete for years have been 
taken and found perfectly sound. 

Although Mr. Polk goes into seemingly great refinement get 
tight joint, does not mention the grinding the rail ends 
that each shall the same horizontal plane, which matter 
vital importance. The rail ends vary, and, matter how slight this 
variation may be, unless they are ground the same height, pound- 
ing the joints will occur, cupping will commence, and the track 
will fail the joints while the remainder perfectly good condi- 
tion. When remembered that the joints are only about 
the total track length, readily seen good business make the 
joints nearly perfect possible. 

Although the writer’s company has bought the best paving bricks 
obtainable the Pacific Coast, the results with them forming 
flangeway the running side the rail have been very poor, 
the bricks break off the nose very quickly; for this reason the 
company has been forced adopt granite flangeway blocks, although 
the cost least 50% greater. 

many the streets Vancouver are paved with wood blocks, 
which are narrower than the granite flangeway blocks, bond pos- 
sible, and straight joint parallel the rail results (Fig. Plate 
XXXVIII). With the girder construction, almost impossible 
keep these flangeway blocks place, due the moving the rail 
account broken girders. Since the adoption the slab type 
construction, which gives solid foundation, there has been very little 
trouble. 

During the coming season the writer proposes lay. concrete 
monolith, in. wide, parallel the running side the rail, which 
the flangeway formed. this will laid the same time the 
pavement foundation and form part it, hoped that this will 
overcome the difficulty loose flangeway blocks, and reduce the 
maintenance charges. 

selecting type permanent track construction Vancouver, 
one must remember that the conditions are not the same older 
established cities where macadamized streets have been existence 
for years and good foundation available. Owing the poor founda- 
tion, the streets were first planked and then macadamized, the macadam 
seldom being renewed before laying the permanent pavement 
conerete base. For this reason the foundation very poor, and the 
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problem has been the selection type construction meet the 
existing conditions. 

paved streets, the company always lays double track, and, 
the City pays for all paving for the entire width between the curbs, 
including foundation, the railway company’s liability covers only what- 
ever construction decides put below it. Before the writer took 
charge work, although under the franchise the company could 
its own portion the work, had been the practice let 
the paving contractor. Such poor results were obtained that the writer 
organized and equipped construction department, and, with few 
exceptions, the company now does all its own work. the suggestion 
the writer, order facilitate the work, the company entered 
into arrangement with the all the work the track 
allowance, about 184 ft. wide, the City paying for its share the 
same rate was paid the contractor for the remainder the 
street. This enabled the railway company its portion the 
work first, the contractor following and bringing his work the 
grade established the rails. This plan has given most satisfactory 

The work carried the following manner: temporary 
track laid, outside the track allowance, take care the traffic 
during construction, thus enabling the company build both tracks 
once. When the traffic turned over the temporary tracks, 
the old track torn and the ties and rails are piled the side 
the street, ready picked the work train, grading then 
started (Fig. Plate and the cut taken out rough 
grade; forms are then set the company’s engineer the proper 
grade for the top the slab, and small gang fine graders follows 
the rough graders; the meantime the gravel for the slab delivered 
along the side the (Fig. Plate XXXVIII). soon 
block has been rough-graded, work the concrete slab com- 
menced, the material being shoveled directly into the hopper, 
which line has been drawn insure the right proportions. The 
aggregate then run through the mixer and delivered into bucket 
which travels along 30-ft. boom cable swinging through 180° (Fig. 
Plate This method reduces the number men around the 
mixer the minimum, which important item, common labor 
paid 374 cents per hour. All the company’s mixers are this type, and 
mix about cu. yd. per hours, about 250 lin. ft. com- 
pleted slab ft. wide and in. deep. The rails are distributed 
electric derrick car and the ties the company’s motor car. 
soon the slab has set for hours, distributed, T-rails 
264, Lorain Section, 87-lb., 399, Lorain Section) are laid, 
and the track surfaced grade with sand (Fig. Plate 
The standard plan for in. sand under the tie, but, owing 
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irregularities the concrete, the thickness varies from in. After mr. 


the track has been surfaced, the sand scraped out from between the 
ties, the flat wheels the mixer are replaced flanged wheels, 
that the mixer can run the track, and the final concrete course 
laid (Fig. Plate XL). 

will seen that the four operations, grading, laying the slab, 
laying the track, and putting the final concrete course, are all 
carried the same time, resulting not only speed but economy. 

Each section track laid represents new problem, and from time 
time the writer has had design special machinery order 
the work quickly and economically. Granville Street, the prin- 
cipal business street, though the paving was good condition, about 
mile track was such bad repair that had renewed. The 
Board Public Works allowed the company abandon traffic this 
street condition that would restored days. this period 
included days for the last concrete laid set, meant that all 
work, except paving, had completed days. order 
sure carrying out the work time, progress chart, Fig. was 
prepared, and was followed closely that the work was finished 
hour ahead time. 

The street was paved with wood blocks laid 6-in. concrete 
base, and each rail the double track was carried concrete 
girder, in. wide and in. deep. The reconstruction the track 
called for the removal and replacing the following quantities: 
5100 sq. yd. wood block paving; ft. rail; 1800 cu. yd., 
sq. yd., concrete; 600 cu. yd. earth; the laying 400 cu. yd. 
concrete; mile double track; 850 sq. yd. flangeway 
blocks; and 250 sq. yd. wood block paving. The quantity 
removed was great, and the time allowed short, that some 
mechanical means for breaking had devised, the schedule 
for the removal about sq. yd. per hour. The dipper arm 
was taken off the electrically-driven shovel owned the company, and 
pile-driver leads, ft. long, were hung from the end the boom, 
being held place two braces running back the main frame 
the shovel. hammer was specially cast, having wedge- 
shaped cutting edge, about in. deep running parallel the track. 
The cutting edge was placed this way order that would not 
injure the remaining concrete the street. This scheme worked ex- 
and trouble whatever was found breaking the con- 
crete and adhering the schedule. The concrete breaker, which would 
swing through 360°, was placed one track, and the other track 
was placed the derrick car, having 60-ft. boom which would also 
swing through 360°, and could move itself along the track. The 
larger pieces were picked the derrick and loaded 
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flat cars placed behind the concrete breaker, and the smaller ma- 
terial and earth were loaded skips and then into wagons standing 
alongside the excavation (Fig. Plate XL). soon the con- 
crete was broken for rail length, the concrete mixer and derrick 
car were backed the old track and the operation was repeated. 
Work was carried two 10-hour shifts, and the cost was fol- 
lows: Taking wood blocks, 8.9 cents per sq. yd.; tearing old 
track, cents per ft. single track; breaking concrete, cents 
per sq. yd.; excavation, loading, and dumping, cents per cu. yd.; 
removing material teams and work train, cents per cu. yd. These 
figures may seem high, but when one remembers the rate paid for 
common labor, and that teams are paid per shift hours during 
the day, and $9.50 per shift for night work, the writer does not think 
that the cost was excessive. 
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THE FLOOD MARCH 1912, 
PITTSBURGH, PA. 


Discussion.* 
Grant, Assoc. Am. Soc. E.+ 


seventeen reservoirs described the paper have combined capacity 
about 000 cu. ft. The greatest flood that has ever visited 
Pittsburgh had volume only 000 cu. ft. above the flood 
stage. The recent flood January 9th, the fourth greatest 
years, had volume only 13000000000 cu. ft. above the 
flood stage. 

not unreasonable expect, therefore, even without the 
graphical proof described, that the reservoir system proposed the 
Flood Commission will control floods Pittsburgh effectively; and the 
discussions have not expressed any doubts their effectiveness this 
respect. has been stated, however, that the reservoirs could not 
used for flood control and for improving the low-water flow the 
rivers well. claimed that such scheme utterly impractica- 
ble, and has never reached practical solution. 

Reservoirs combining the purpose flood control with those 
water supply, water-power, and navigation are not experiment. 
They have been built and are being operated successfully other 
countries. The writer has had the opportunity examining these 
works two occasions during the last few years. Some them 
has described briefly§ his discussion the paper John Lewis, 
Am. E.; others are found Germany and 
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Bohemia. large reservoir constructed tributary the Oder 
River, Southeastern Germany, for flood control and water-power 
development, has given such good results during the years since its 
completion, that another and larger project has been constructed, and 
just about put operation. Another large project being 
constructed the German Government tributary the Weser, 
combining the purposes flood control, improvement navigation, 
and water-power development. 

One the discussions calls attention the conditions that would 
obtain where the reservoirs were constructed streams carrying 
large quantity acid from the mines. claimed that the greater 
gravity the acid would lead its concentration the 
bottom the reservoirs, and that, the event great flood 
filling the reservoir, this acid would swept out and become 
menace water supplies below. matter fact, this very prop- 
erty the acid, which would keep the bottom the reservoir 
even when overflow took place over the spillway, simplifies the problem 
avoiding the conditions concentrated acidity that are described. 
placing gates the extreme bottom level the reservoir, and 
others higher up, this acid could released gradually from the bottom 
gates during flood times, mingle with, and diluted by, the large 
flood discharge. found necessary, simple arrangement baffles 
would make this mixture complete. 

The reservoir particularly referred near the mouth Loyal- 
hanna Creek. suggested that the dam built farther the 
creek, above Latrobe, order avoid storing the mine water, most 
which originates the lower portion the drainage basin. There 
are several reasons why this should not done, chief among which 
are the great reduction the drainage area controlled, and the fact 
that the very conditions pointed out objectionable—the flushing 
out the acid the existing pools—would done away with locat- 
ing the dam near the mouth and taking care the acid before 
suggested. 

must borne mind, moreover, that only two the thirteen 
reservoirs proposed the Allegheny Basin, those Loyalhanna and 
Black Lick Creeks, are streams that carry any .appreciable 
quantity mine drainage; and that the discharge from the other eleven 
reservoirs will dilute, large extent, any acid water that may come 
from these streams. Such dilution, course, would not occur the 
rainfall were local around the Loyalhanna Black Creek basins; but 
that just where the beneficial effect the reservoir near the mouth 
each creek would make itself felt, holding back the acid the 
bottom until favorable time for its discharge. 
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THE SEWICKLEY CANTILEVER BRIDGE 
OVER THE OHIO RIVER. 


Discussion.* 


Mr. Conte’s discussion the type structure used, the follow- 
ing conditions controlled: 

The Act Congress relative across the Ohio River, 
approved December 17th, 1872, amended February 14th, 1883, re- 
quires that bridges above the mouth the Big Sandy shall have least 
one channel span with clear waterway 500 ft. between piers, 
measured the low-water line, and with clear height ft. above 
low water and ft. above local highest water. The demands the 
river shipping interests and the ruling the War Department fixed 
the span 750 ft., from center center piers. The local condi- 


tions were unfavorable for suspension bridge, and the cantilever was 
adopted. 


features the subject treated this paper suggest some experience 
that may interest discussion. One the construction 
the floor, and the other the deformation the trusses erection. 

The character the floor construction such bridge not 
the least important part the design, because the special value 
lightness well durability. The use wood blocks 
commendable, the base substantial. The paper does not state 


the size and character the buckles the floor plating. The thick- 
ness the concrete paving base said average in., which probably 
allows about in. over the flat portions. the plates are multiple- 
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buckled, are the ridges divisions between the buckles depended upon 
for cross-support, transverse stiffening provided 

Buckled floor-plates, originally used, were single buckles 
turned up, forming vaulted arches, and were supported all four sides. 
Later, the custom arose turning the buckles down and using long 
plates with several buckles each, and without any cross-beams under 
the divisions. The strength such member not easy figure. 
depends part the narrowness the divisions, and part 
the thickness, and therefore the distributing value, the concrete 
over them. The divisions must obtain support from the arch action 
the inclined sides the adjacent buckles. division wide 
and have only thin non-distributing paving over it, the corners 
edges the division will yield successively and alternately down and 
under rolling loads. Only slight movement this character 
required crack and ultimately crumble cement concrete. When 
this stage reached, the pavement near destruction. 

Such case occurred recently the asphalt paving new deck 
old bridge where plates were used, supported stringers, 
ft. in. apart the clear, buckles, ft. in. ft. in., and 
divisions varying from in. width because varying panel 
lengths the structure. Considerations dead load and also 
established street elevation demanded thin floor, and the paving 
base was used only fill the depressions the buckles, and the 
asphalt binder coat—1 in. thick—was laid directly the flat parts 
the plates. The wearing surface was in. thick. The vehicle 
travel was very heavy, and, for several months during the reconstruc- 
tion the other half the deck, was concentrated one shoulder 
narrow line. Within two three months was observed that 
the paving was breaking several places, and was found that these 
places were the wider, flat portions the deck plates. time the 
paving two points was sufficiently pulverized become dislodged 
and form holes, exposing the plate. Then the dropping wheels off 
the edge the surrounding paving pounded down one edge each 
division thus exposed. 

The remedy applied was the placing chair supports under all 
divisions—a floor member the old structure being suitably situated 
below each point—and then repaving the whole shoulder, the grade, 
the same time, being raised in., have little concrete over 
the entire surface the floor-plates. 

The lesson seems be, that multiple-buckled floor-plates are 
used without cross-support, the divisions should narrow prac- 
ticable, and they should covered with bed concrete, say, thick 
the width the division. 

would seem that the provision for making the field connections 
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form quadrangle, made rigid M,, L,,, diagonally across 
it. The camber allowances the lengths these members must have 
distorted the quadrangle much, while the members were without 
stress, that neither pilot point nor drift would avail get the diagonal 
connected up, unless easement were made somewhere. what 
means was this connection made? 

the Red Rock cantilever bridge, where the main span 660 ft., 
with panel similar character, the writer accomplished the con- 
nection the panel designing the lower chord splice below 
that constituted slip-joint. About in. opening this joint 
was required permit the closing pin the panel driven, and 
remained open until the traveler advanced far enough the erec- 
tion the succeeding panels stretch and compress the truss mem- 
bers sufficiently close the joint, and then was riveted up. During 
the time that the joint was open the splice-plates prevented lateral 
displacement, and adjustable bridle took care possible tension 
from wind pressure. 
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PORTS THE PACIFIC. 
Discussion.* 


has permitted sensitiveness the writer’s rather 
jocular commentary his ambitious vision the future port 
Los Angeles give false color his estimate what the writer 
said about that port. careful perusal the treatment that sub- 
ject, mainly Section the paper, will show substantially 
accurate, though lacking detail, was necessarily the case. Par- 
ticularly inexcusable the following remark Mr. Goodrich: 
“Nothing but obviously exaggerated newspaper report has been 
used describing the port conditions Los Angeles.” The most 
superficial examination the paper would show the absurdity that 
statement. matter fact, all available literature, including 
Major Fries’ admirable report, was used, and this was supplemented 
long list questions sent official the Port Los Angeles 
asking for data all phases the question. 

the newspaper report, which what really annoys Mr. 
Goodrich, came hand just before the paper was finished. 
fitted perfectly with the writer’s treatment “plans for the 
future” and seemed much detail and bear unmistaka- 
bly Mr. Goodrich’s authority, that the writer ventured, with some 
misgiving, true, make use it. committed him any 
erroneous suggestions the future Los Angeles which later 
data would have modified, is, course, only too glad accept 
corrections. 

The writer will not comment Mr. Goodrich’s references 
estimates cost Los Angeles work, nor administrative control, 
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for they are manifestly unjust that Mr. Goodrich must himself 
realize the fact will but compare his criticism with what the 
writer really said. 

The comment the writer’s parenthetical reference the Los 
Angeles and San Gabriel Rivers case assuming that something 
was meant which was not said, and then criticising that something. 
The writer’s description the natural state those streams 
literally correct; but did not anywhere say, even imply, that 
these streams were menace the integrity the harbor. The 
writer has carefully looked over his paper see contains any 
hint danger “of the inner harbor Los Angeles becoming silted 
material carried the floods” these streams, and can find 
none. All this, and the careful refutation it, are purely the result 
Mr. Goodrich’s imagining what the writer did not say. 

short, Mr. Goodrich has permitted himself, most mistakenly, 
class the writer “knocker” the Port Los Angeles. Yet 
perusal the paper will show be, not only wholly sympathetic 
tone, but full admiration for the wonderful work which the people 
Los Angeles are doing. 

The impartial reader the paper cannot fail observe that 
endeavors draw just comparison among the leading ports the 
coast their respective advantages and drawbacks. The partisans 
each will naturally take exception their particular port, magni- 
fying the advantages and minimizing the drawbacks; but, when all 
said and done, the case for the principal United States ports 
the Coast will stand substantially summarized below: 

San magnificent natural harbor which, 
with moderate degree development, would accommodate the ship- 
ping the world. 

Drawbacks: sharp restriction hinterland (tributary commer- 
cial territory) the national frontier immediately the south and 
mountain range the east. The first natural outlet the east- 
ward the vicinity Los Angeles. 

Los Commercially located where the great 
southern transcontinental routes, and also one from 
debouch from the mountains the coast plain; strategic location for 
ocean terminal; extensive and productive near-by hinterland; good 
connection with the hinterland farther back; climate asset 
enormous value development country. 

Drawbacks: Entire absence adequate natural port, and con- 
sequent necessity creating one almost wholly artificial means; 
port development greatly enhanced this fact. 

San Francisco Bay.—Advantages: perfect natural harbor 
great magnitude, close the sea; hinterland which embraces the 
heart California’s agricultural and mineral producing regions—one 
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the richest the world; the line the great routes north 
and south; direct rail connection with all the region the east- 
ward; commerce and development half century old, with the im- 
mense force customs and established lines trade its favor; 
most centrally located all the ports for the commerce the Pacific; 
important naval and military bases. 

Portland.—Advantages: Unexcelled strategic location great cross- 
roads north and south, and east and west routes; productive local 
hinterland (agricultural) the Willamette and other near-by val- 
leys; immense timber resources; water-grade route the eastward— 
the only one from the Pacific Coast the United States; consequently 
vast natural interior hinterland. 

Drawbacks: Long distance and defective natural channel sea 
which discourages entrance largest vessels—a drawback yet only 
partly overcome. 

Puget Almost perfect natural harbors, the 
principal defect being excess depth; center great timber produc- 
ing region; center great fish producing region; limited local agri- 
cultural hinterland; extensive agricultural hinterland back the 
mountains; the natural emporium for the Alaska trade; well located 
for Oriental trade; important naval and military base. 

Drawbacks: Walled off from natural hinterland eastward 
immense range mountains, the main passes being less than 
miles from tide-water and more than 3000 ft. high; crossed, however, 
three railways, which give same terminal rates Portland. 

most striking illustration the drawbacks above described 
both the Lower Columbia and Puget Sound was seen the condi- 
tions which prevailed January 7th and 8th, 1913. fierce storm 
was causing wrecks and great loss life the mouth the Columbia, 
while deep snow, avalanches, and (soon after) floods from melting 
snow completely paralyzed rail traffic over the mountains back Puget 
Sound, and caused considerable loss life. Permanently remove 
either the handicap the Columbia Bar the handicap the 
Cascade Mountains will cost enormous sum, yet both ends must 
classed within the range practical engineering. 

the foregoing comparative estimate advantages and draw- 
backs Pacific Coast ports will noted that San Francisco stands 
first; and seems the writer that she will long continue stand 
first, because her unexcelled advantages. has also become more 
and more apparent him that, unless ports are close competitors 
the same field—not distant competitors like Puget Sound and Cali- 
fornia ports—a mere superiority port facilities cuts little figure 
the matter competition. Vessels are bound where the trade 
is, even docks are inferior and charges high, and the writer does 
not believe that San Francisco Seattle will take much trade from 
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each other reason superior expenditures docks and wharves; 


den. but, with two nearby ports like Seattle and Tacoma, both which 
equally well located, far local trade concerned, and be- 
tween which the vessel owner sees choice except the matter 
conveniences and charges, superior equipment either might 
decisive its favor. 

The writer will refer one other point, that port administra- 
tion. Mr. Goodrich says that Los Angeles has corrected the unde- 
sirable condition port administration prevailing the time this 
paper was written. That fortunate, but the writer does not be- 
lieve that anything approaching ideal system will ever worked 
out long port administration function city government 
and thereby necessarily involved city politics and subject the 
vicissitudes changing administration. That this also the view 
sagacious observers the ground evident from the following ex- 
tract,* received after the foregoing statement was written: 


and delay, bickering, obstruction, and even deadlocks 
will unquestionably the rule rather than the exception long 
the present machinery for harbor development relied the city. 
The concentration power, authority and responsibility one board, 
under which the legal, engineering and administrative departments 
would placed, will probably have come before much satisfactory 
progress made this all-important municipal project—the develop- 
ment Los Angeles harbor.” 


most instructive pamphlet recently issued the Common- 
wealth Club California, Professor Wright, the University 
California, made some pertinent observations port administra- 
tion. The following are some his conclusions: 


“The organization the harbor governing body should simple 
and efficient. Its members should few number, with tenure 
office sufficiently long permit the formation and inauguration 
consistent policy. 

“The appointment full new board almost always results 
entirely new policy. new board usually rejects great part 
the programme outlined its predecessors, and spends large part 
its time preparatory work before begins pursues any real 
constructive programme; and this tura superseded the plan 
succeeding board. The harbor governing body, ideally consti- 
tuted, would perpetual body, certain proportion whose mem- 
bers would retire each year. other words, ought not pos- 
sible, least ought not regularly occur, that the entire board 
should retire one time, even that majority the board should 
so. 

“The harbor governing body should have full authority carry 
out the work which exists do, subject course review the 
courts other higher authority. This power the governing board 
should extend all activities which directly concern shipping. 


From the Los Angeles Tribune, January 17th, 1913. 
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harbor governing body should represent constituency ample 
financial ability.” 


These are sound fundamental principles. While perfectly 
true rule that “What’er best administered best,” and that 
very efficient law inefficiently administered may give poor results 
while defective law efficiently administered may give good results, 
still, the long run, the best law will give the best results. The 
writer believes that the Washington State statute comes nearer 
satisfying the above fundamentals laid down Professor Wright than 
any other. The port organization simple, consisting three mem- 
bers, entirely free State, county, city politics, and responsible 
directly the people the Port District. 

The harbor governing body (Port Commission) continuing body, 
the term office being three years, and only one member being 
elected each year. sudden change policy with its disturbing 
features possible, the case with the San Francisco Board, which 
liable change bodily with every change State administration. 

The powers the Port Commission are extensive; its activities are 
directed the single purpose port development; almost supreme 
within its restricted sphere, and its authority satisfies perfectly Professor 
Wright’s requirement that “both extensive and intensive.” 

The territorial extent the constituency and also its financial 
ability are determined the original organization the district. The 
Port Seattle, for example, was made co-terminous with King County, 
which the City Seattle located. “Ample financial ability” does 
not necessarily mean large financial ability. small port may have 
organization and financial ability “ample” for itself, which 
might quite inadequate for great port. The system thoroughly 
elastic, and applicable all conditions, and the writer would com- 
mend study port authorities wherever changes are contem- 
plated port organizations. 
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Discussion.* 


Rapier (by blended cement manu- 
factured the City Los Angeles for use the Aqueduct would have 
been spared many criticisms more fortunate name had been applied 
it. The officials the Aqueduct Commission, their various 
papers concerning the product, have used indiscriminately the terms, 
tufa-cement, tufa-Portland cement, puzzolan-cement, and puzzolan- 
Portland cement. Some engineers, not aware the real composition 
the cement, have claimed for many the bad qualities the 
artificial puzzolans, such are manufactured from blast-furnace slag 
and hydrated lime; while others have claimed that simple 
adulteration Portland cement with clay clay-like material, and 
therefore harmful. These claims are widely variance with what 
actually the case. 

The term sand-cement, while ordinarily meaning blend pure 
silicious sand and Portland cement, not necessity restricted 
such combination, but can applied blend Portland cement 
with granitic, basaltic, many other sands that contain other elements 
and minerals than quartz. Even the case the Aqueduct cements, 
the tufa had reduced coarse sand before was possible 
blend with the Portland cement. For this reason, would seem 
that the best name adopt for such blended cement would sand- 
cement. The nomenclature allows the use many materials, 
which have been experimented with and found well adapted 
the process tufa. 

Experiments have been conducted the Reclamation 
the blending Portland cement with basalt, basaltic tufa, rhyolitic 
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tufa, granite, andesite, trass, infusorial earth, and sandstone. 
every instance has been found that excellent grades sand-cements 
can produced from these materials, cements, which, the present 
time, have shown little decrease strength. Researches 
limestones and quartzites have shown, that, excepting those instances 
which the amount material added the Portland cement was less 
than 40% volume, these materials are not suited the process. 

geological fact that the ultimate products the decomposi- 
tion igneous rocks are clays. Experiments eminent 
men the Engineering Profession have shown the deleterious effect 
the addition clay Portland cement. Some concrete failures 
have been traced the presence too much clay the sand 
gravel, that engineers have become accustomed setting maxi- 
mum limit the quantity clay allowable sand which 
used for concrete. The results obtained with the so-called tufa-cement 
not indicate that clay clay-like substances have been blended 
with Portland cement. Tests made the Reclamation Service 
laboratory, material from the Aqueduct plants, corroborate fully 
the data set forth Mr. Lippincott; fact, using brand 
cement (which was recognized standard brand) other than that 
used the Aqueduct plants, the results were greatly exceeded. 

Careful chemical analyses the raw materials suitable for sand- 
cement manufacture show that they are all dependent for their fitness 
the quantity colloidal active silica; and many the materials 
tested the Reclamation Service experimentalists show higher con- 
tent colloidal silica than the Los Angeles tufa. Most these 
materials are harder pulverize than tufa, but the resultant cement 
has proven good every particular. fruitful have been 
the results the researches that three sand-cement plants are being 
operated erected the Service: Arrowrock, Idaho, Lahontan, 
Nev., and Elephant Butte, Mex. When all three these plants 
are operation, they will have combined daily output 2300 bbl. 
sand-cement. Such wholesale manufacture and use sand- 
cement would not permitted the engineers charge the 
work the product was considered unreliable apt deteriorate 
with time. those places where the cement being used 
proving its worth. Little difference apparent between sand- 
cement concrete and Portland cement must mixed 
little dryer, and sets and hardens more slowly than Portland cement 
concrete. The forms come away clean from the set concrete, and the 
water that comes the surface brings little cement with it. 
Daily tests are made all concrete placed the dams, and the results 


the compressive tests show that amply strong for the great 
stresses put upon it. 
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Sand-cement economic importance the engineer the 


West, allows him use cheaper cement price little 


more than half that straight Portland. Before undertaking its 
manufacture use, two things must settled: The Portland cement 
must undoubted quality, standard brand passing all tests; 
and the blending material must contain colloidal silica and 
almost unaltered condition. 


opens the subject the use blended cements, which great 


interest all engineers engaged work the West, where high 
freight rates and long wagon hauls usually combine make the cost 
Portland cement excessive. 

the construction the Arrowrock Dam—which being built 
the Reclamation Service store the flood waters the 
Boise River—about 550000 cu. yd. concrete will laid, and the 
cost cement is, necessity, most important item. The dam 
about miles above the City Boise and miles above Barber- 
ton, the nearest point the Oregon Short Line Railroad. railroad 
from Barberton Arrowrock has been built the United States 
Government, over which the freight rate cement charged against 
the work cents per bbl. The commercial freight rate cement 
from Utah mills Barberton $1.14 per bbl., from California points 
per bbl., and from Kansas points, $2.09 per bbl.; that the total 
freight charges cement the Arrowrock work are from $1.37 
$2.32 per bbl. 

Laboratory tests sand-cement have been the Recla- 
mation Service for years more, and, during the winter 1910-11, 
when the investigations connection with the storage works the 
Boise River were nearly finished, series these tests was started, 
using for blending material the native rocks the vicinity Arrow- 
rock, particularly granite from the spillway site, large quantity 
which would have wasted during the construction period. 


BEING AVERAGE AND COMPARISON WITH 
MADE FROM PorTLAND CEMENT USED THE MANUFACTURE 
THE SAND-CEMENTS AND TESTED UNDER THE SAME 


Sand-cement.......... 219 $33 397 423 423 449 444 
Portland cement...... 266 400 425 482 460 496 428 404 


Blending material for sand-cement river sand, bank sand, granite, blended 
each case with equal parts weight Portland cement. 


272 DISCUSSION TUFA CEMENT [Papers. 


Paul. 


SERVICE 
THE Last Five 
Mortar briquettes 
260 373 448 411 398 


noticeable that there not the marked decrease strength 


the case the sand-cement briquettes shown here, and 
common with Portland cements. 


Sire, 


Blending material, spillway granite. Mix, weight with 
standard sand. Strength, pounds per square inch. 


TENSILE TESTS STANDARD BRIQUETTES. 


Percentage 
343 428 461 467 408 
30 374 417 | 467 } 499 | 494 
« 40 368 467 | 504 | oes saies 
COMPRESSION TESTS 2-INCH CUBES. 
50 1471 1 763 | 2 729 | 3121 3712 


The first column Table (percentage blending material) 
each case represents the Portland cement from which the sand-cement 
made, tested under the same conditions. 

Investigations the actual use sand-cement structures which 
had been service for years, further tests the local labora- 
tory, and estimates cost installation and operation the neces- 
sary equipment, finally led the decision use sand-cement, far 
practicable, the construction the Arrowrock Dam, and use 
for blending material granite from the spillway excavation. 

sand-cement plant, with capacity 1000 bbl. per hours, 
consisting crusher and sand rolls, rotary dryer, ball mill, mixing 
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machine, and three tube mills, all electrically operated, with the neces- mr. 
sary bins, hoppers, and conveying machinery, has been erected and 
has been operation for about months. The cost this mill, com- 
plete, was about $46 000, itemized follows: 


Erection building, chutes, 8150 
Equipment, including 000 

$46 000 


The total output the mill date has been about 25000 bbl., 
and about 20000 cu. yd. sand-cement concrete have been 
the dam, the present time. 

All incoming Portland cement tested and accepted before ship- 
ment. sand-cement tested for fineness, blend, setting time, and 
tensile strength 1:3 sand briquettes, and subjected the boiling 
test before being used the work. Tests for fineness and blend are 
made every hour that the mill runs, oftener either needs cor- 
rection, and the other tests are made average sample from 
each day’s run. The blend now being used 45% granite weight, 
and the requirement for fineness least 90% passing 200-mesh 
sieve. Standard Portland cement requirements are satisfied the 
other tests, and sand-cement used until has passed the 7-day 
tensile tests 200 per sq. in. The writer’s experience with sand- 
cement confirms that the author with tufa cements, that sample 
tested has ever failed pass the boiling test. 


MANUFACTURED ARROWROCK. 


All tests 1:3 standard sand briquettes. Strength, pounds 
per square inch. 


Average all (52) 7-day tests........... 258 Average all (29) 28-day tests....... 332 
Average lowest 7-day breaks...... 221 Average lowest 304 
Average highest 7-day breaks..... 297 Average highest 28-day 366 


None the sand-cement tested has failed pass either the 7-day 
the 28-day requirements. Occasionally, briquettes have been broken 
the age days, and every case yet tested these briquettes 
have shown strength exceeding 200 per sq. in. 

representative cost manufacturing bbl. 45% weight 
blend sand-cement Arrowrock given Table 15, which in- 
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cludes depreciation, the plant and installation, rate which 


will wipe out the total cost the time that tctal output 500 000 bbl. 


reached. does not include sacking, most the sand-cement 
will used bulk. 


Unit cost 
Items sand-cement, 
per barrel. 

cement, including freight and 1.35 
Power and lights, including maintenance, 0.16 


The use sand-cement under actual working conditions brings 
out several characteristics that are different from those Portland 
cement. 

Comparing sand-cement concrete with Portland concrete, batch 
batch, experienced concrete man will note difference, either 
its appearance its behavior while being spread, but, after 
run hour two, mass work, will noticed that 
ordinary plastic quaking mixture gives off water more readily than 
does Portland cement concrete, and that this water clearer and 
apparently carries less cement than the case with ordinary concrete. 

mushy really wet mixture which worked continually shows, 
the surface, accumulation sloppy material which more 
marked than Portland concrete and sets and hardens very slowly. 
fact, the writer’s opinion that, for this reason, extremely 
wet mixtures should avoided, especially with sand-cement concrete. 

Sand-cement concrete sets more slowly than ordinary Portland 
concrete, and its slowness hardening very marked. natural 
assume that internal shrinkage stresses, due setting and harden- 
ing, will less this account, but, the present time, have 
other evidence this point. 

The writer has not noticed that sand-cement concrete adheres 
the forms any more than Portland concrete, and has had 
use sand-cement plaster, has not had opportunity 
compare with ordinary cement plaster. 

The author states that tufa cement makes denser and more 
impervious concrete than Portland concrete. The writer has heard 
this statement made before, both connection with tufa cement and 
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sand-cement, but has never found record any experiments definite Mr. 
evidence that effect. would interesting the author would 
discuss that point more fully, and give the members the benefit 
any experiments along that line with which familiar. 

natural for the ordinary construction man look new 
product with prejudice, especially when shows characteristics 
which not accustomed; but, supposing, for the sake making 
comparison from another viewpoint, that sand-cement had been 
general use for years and that Portland cement were the new 
product being introduced; would look with favor cement which 
almost invariably showed decrease strength after few months? 
one which not infrequently failed pass the boiling test? Would 
consider favorable sign that the excess water coming the 
surface concrete apparently brought with unusual quantity 
cement? Quick-setting cements are usually considered undesirable 
for use mass work, and were accustomed the slow-setting and 
slow-hardening sand-cement, might not look with suspicion 
quick-setting cement, especially one the quicker-setting Portlands 
happened the first the new product fall into our hands? 

The use sand-cement mass work, where the requirements are 
enough justify the installation the necessary grinding machinery, 
where suitable blending material available, and where the transporta- 
tion charges Portland cement amount considerable portion 
its cost laid down, will result marked saving construction 
costs, and will give product which least the equal the Port- 
land cement from which was made, fact, one which, for ordinary 
requirements, not open the least suspicion. 
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SPECIFICATIONS FOR METAL RAILROAD BRIDGES 
MOVABLE VERTICAL PLANE. 


Discussion.* 


connected with company which fabricates and erects considerable 
number bridges movable vertical plane, and, after consulting 
freely with the electrical and mechanical engineers this company, 
has considered appropriate compile and present the results, with 
the hope that they will found contain, least part, sufficient 
merit commend themselves.to Mr. Leffler. Such set specifica- 
tions can best become smooth working document criticism fol- 
lowed broad review the whole problem. 

Paragraph 2.—The “Specifications the New York Central Lines 
for Steel Railroad Bridges,” for 1910, are made part the author’s 
specifications. These specifications require the railroad company 
furnish and lay the track, rails, timber floor, This logical 
for ordinary steel bridge, but does not seem proper for 
counterweighted bridge. The contractor for bridge this character 
cannot balance the bridge until the floor laid. the railroad does 
this work, the labor forces will mixed, which objectionable. Be- 

sides, the majority these bridges are erected open, which tends 
the complications the railroad company lays the track. 
The specifications would more harmonious they required the con- 
tractor this work. 

Paragraph 21.—The constants given this paragraph not seem 
sufficiently specific; thus, for rolling friction, the radius the 
roller and whether one two faces are contact should con- 
sidered. The writer has had with “movable” bridges moving 
rollers and 100 in., respectively, and with segmental rollers 
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used the several formulas for rolling friction, would seem that 
the maximum these could used advantageously ascertaining 
the resistances overcome. 

The loss caused the stiffness wire cables depends the 
sheave diameter, the number and angle the bends, and the type 
rope. The usual limitation sheave diameter not made these 
specifications, probably because the stresses due bending ropes 
over them are taken into account. would seem, however, that the 
sheave diameter should considered the power 
requirements. 

Paragraph 22.—The coefficient for journal friction given 0.07. 
The writer thinks this should covered Paragraph 21, using the 
same constant for friction trunnions, that is, for starting and 
for running. 

Paragraph paragraph reads: “The time open the 
bridge after the ends are released shall specified the proposed 
drawing.” 

The writer suggests that changed to: The time open the 
bridge after the ends are released shall approximately specified 
the drawings. 

The writer has had with contracts for two bridges under 
these specifications with the company represented Mr. Leffler, and 
there has been thought taking exception this paragraph, nor 
need there when the specifications are interpreted broadly 
reputable engineer; but the specification now apt more widely 
adopted and made part contracts. such case, could not 
unscrupulous representative buying company make the contractor 
suffer the bridge required somewhat more time open than was 
and lift bridges are not designed contractors, 
but ordinarily the patentees, who are experts for their respective 
structures, and proper assumption that they are more expert 
these special bridges than the contractor’s corps engineers. The 
specifications and plans which the contractor bids are complete, 
specifying detail the requirements the prime mover, the size 
all pinions, gears, shafting, and the sectional areas all the 
component members, well the details for their connection. The 
contractor told just what do. Except for workmanship and 
materials, does not appear equitable that should held 
responsible for results. contract based divided responsibility 
wrong principle; let the designer responsible for the design 
and the contractor for the construction and materials. The writer 
feels that, specifications this character, the portion covering de- 
sign should separate, and the contractor should not responsible 
for designed any other than himself. 
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Paragraph writer believes that trunnions bearing 
phosphor-bronze should axle steel rather than structural 
The harder steel would less apt cut and score. 

Paragraph paragraph provides for tests trunnions 
their bearings, and the test requires special apparatus, with consequent 
delay and expense. The paragraph might well omitted, but there 
demand for some such test, the results sought could attained 
placing the trunnions their respective bearings surface plate. 

Paragraph paragraph states that: “All machinery parts 
shall designed with sufficient strength resist the greatest pressure 
which can exerted the motor.” Paragraph 173 specifies over- 
load for direct-current motors 200% for min., and 400% mo- 
mentarily. Apparently, this overload for the motors simply test 
the insulation, but, taking the requirements Paragraph 156 
literally, the machinery would have designed for overload 
400% with the units specified Paragraphs 133 and 135, which 
results would abnormal. 

Paragraph 168.—The maximum piston speed the gasoline engine 
lower than required standard practice. all cases the piston 
speed should depend the size the engine. The advisability 
operating the locking machinery the gasoline engine doubted. 
operated hand, the machinery would much simplified, and 
there would much less likelihood jamming the lock machinery 
when undertaking drive home when not proper position. 

Paragraph should changed “weather- 
proof,” better have semi-open type motor properly 
housed. the case totally enclosed motor, the operator seldom 
inspects thoroughly would could examine the work- 
ing parts without removing the cover. 

Paragraph 172.—The words, “direct-current,” the first line should 
omitted. 

Paragraph would much clearer if, for each bridge, 
definite statement was made how much torque the motor had 
develop foot-pounds for min., and the exact time the motor would 
have carry the normal torque 400 per cent. These values should 
then selected that standard motor which fulfills one will ful- 
fill the other without special arrangement the winding. 

The percentage drop voltage which will allowed under full- 
load conditions, between the switch-board and the motor terminals, 
might stated for each proposition. 

motor. may not advisable use such motor every case. 
Paragraphs 181 and 182.—These paragraphs are slightly confusing. 
Paragraph 181 calls for controller for each motor. Paragraph 182 
for series-parallel control, which can applied two more 
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motors. might better have the control specified for each 
case, because, where the operating machinery does not rotate with the 
bridge, would seem remotely controlled contact board 
could used advantage, especially the operator’s house some 
distance from the bridge. 

Paragraph writer believes the motor-operated, emergency 
brake too complicated for the average operator. better brake, 
far concerns reliability, complication, and being more nearly 
balanced all positions the bridge-leaf, obtained with the same 
type that used for the operating motors, provided the size required 
does not exceed the largest size manufactured. case does, two 
such brakes should used. 

Paragraph 190.—It seems desirable that the emergency-brake 
switch closed position, thus releasing the brake before power 
available for the operating motors. this case the switch would 
electrically interlocked, but the operator would free apply 
the emergency brake any time, regardless the position the 
controller arm. 

Paragraph 192.—Submarine cables, needed, should furnished 
and laid the contractor for almost the same reasons those given 
for laying the floor, and obviate division responsibility due 
possible delay. The trench for such required, might 
dredged dug the railroad company. 

Paragraph bridges moving vertical plane, the logical 
place which deliver the current the electrical contractor 
the switch-board. 

Paragraph the electrical equipment installed 
quired these specifications, there seems need requiring 
devised for installations where the danger fire great, which 
not true bridge. Bridges were not considered making 
the Standard, and its application them not sufficiently 
definite. 

Paragraph 212.—In measuring currents, seems standard 
practice use shunts for the ammeter, thus avoiding heavy currents 
through the measuring instrument and the consequent impairment 
thereto. 

Paragraph type the alternating-current motor will 
depend the kind current available, and need not 25-cycle, 
220-volt, three-phase type. 

Paragraphs 265 and well preface 
any discussion this subject with statement the fact that 
most difficult obtain consistent physical results from any given 
phosphor-bronze alloy, and the most expert superintendence the 
foundry required produce uniform results. 
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Probably account the comparatively smal] quantity 
phosphor-bronze used movable bridges, has not received the at- 
tention from bridge engineers that its importance warrants. look- 
ing over bridge specifications which the composition for phosphor- 
bronze given, the writer finds that almost all specify that given 
Paragraph 268 the author’s specifications, namely: 


and this composition will referred hereinafter “standard.” 
Practically all the bearings movable bridges may characterized 

high-pressure and slow-speed, against -low-pressure. and high- 

speed. For the latter conditions, the “standard” composition seems 


satisfactory, and specimen tests will give physical results practically 
follows: 


Compression 
Elastic limit, pounds per square inch. .13 000 
Permanent set from 100 load, 0.27 
This limit based set 0.001 in. in. 
Tensile: 
Yield point, pounds per square inch......... 000 
Ultimate, pounds per square inch............25000 
Reduction 


After discussing this subject thoroughly with leading metallurgist, 
the writer submits the following composition for high pressure and 


slow speed: 


The approximate physical results from this composition cylinder 
with area sq. in. and in. long, should be: 


Elastic limit, pounds per square 
Permanent set from load, inches.. 0.12 0.16 


tension tests, this composition will show some ductility. 

The presence lead bridge bearings subjected heavy pressures 
objectionable, for the following reasons: Lead does not alloy with 
the copper-tin bronzes, but mechanically admixed, and, being 
very soft metal, immediately lowers the elastic limit compression, 
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causing the bronze become plastic and flow under pressure. 
likewise, being soft metal, tends grip seize the shaft under 
conditions heavy pressure and poor lubrication. The harder the 
bronze the less likely will seize the steel shaft, providing, 
course, the bronze does not exceed the steel hardness. 

Experiments made the iate Dudley,* Am. E., 
indicate that the relative wear copper-tin alloy one and one- 
half times that the “standard” copper-tin-lead alloy. 

For convenience, Table XCIII, showing the results these experi- 
ments, here quoted. 


“TABLE Wear Bronze (Dudley). 


CoMPOSITION. Relati 
elative 
Alloy tested. 
Copper. Tin. Lead. Arsenic. 

Standard lead (phosphor) brouze 


This table was determined placing “standard” and experi- 
mental bearing opposite ends the same axle locomotive tenders. 
From time time they were removed and weighed and the wear 
was recorded. The copper-tin alloy also gave some trouble from heating. 
These experiments were conducted about 1892. 

These results relative wear were confirmed Clamer about 
1903, and are set forth page 426 the book: 


“He used specially designed friction-testing machine, with test- 
bearings, measuring inches inch. each experiment the 
journal inches diameter) made 100000 revolutions speed 
525 revolutions per minute, the same pressure lbs. per square 
inch), oil, and method lubrication being used throughout. was 
found that the rate wear diminished, though the friction and tem- 
perature increased, the percentage tin the bronze was de- 
creased and the percentage lead increased (see Table XCIV).” 

particularly noted from this table (XCIV) that the 
friction copper-tin-lead alloys approximately 50% greater than 
copper-tin alloys, which approximate the writer’s composition for 
high-pressure and slow-speed bearings. 

The results, set forth the Clamer’s Table XCIV, were con- 
firmed later Spare, from experiments made the same friction 
testing machine, namely, the Cornell machine. 


Lubrication and Leonard Archbutt and Montford Deeley, 425. 


Papers. DISCUSSION MOVABLE RAILROAD BRIDGES 283 


“TABLE Friction aND Wear 


(Clamer). Mercer. 
Copper Tin Lead Friction, Ibs Wear, 


The conditions under which the experiments were made Dr. 
Dudley, and Messrs. Clamer and Spare differed widely from those 
which exist bearing with load of, say, from 1600 3000 
per sq. in. and supporting trunnion which revolves only through 80° 
during the operation the bridge. The amount wear the copper- 
tin alloy bearing with 100000 revolutions, reported Clamer, was 
not appreciable from practical standpoint. With average ten 
openings per day, for 250 days per year, would take years for 
100000 operations bridge. Therefore, the problem for high 
pressure and slow speed entirely different from that covered the 
experiments. has not been overlooked that the frictional area for 
certain number revolutions varies with the size the journal 
trunnion. 

seems obvious that, for high-pressure and slow-speed bearings, 
stiffness combined with low frictional resistance essential, and 
the wear unimportant. shown the composition sub- 
mitted high elastic limit compression, while sufficient ductility 
retained. 

summarize: the writer for movable bridge bearings 
copper-tin alloy with maximum content phosphorus 
(other alloys excess one-half will not permitted), with 
physical results specified follows: 


Compression 
Elastic limit, pounds per square inch. .19 000 000 
Permanent set from load, 


Tension: 
The yield point, ultimate, and elongation in. 
recorded. 


The compression test should made cylinder having area 
sq. in. and in. long and the tension test specimen having 
diameter in. The compression elastic limit should determined 
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the load that gives permanent set 0.001 in. may noted 
that the physical tests proposed the writer are nearly mean be- 
tween the physical requirements Paragraph 266 and the physical 
results which may expected from the “standard” composition given 
Paragraph 268. 

The writer acknowledges his indebtedness Mr. Spare, 
Holmesburg, Philadelphia, Pa., for information the subject 
phosphor-bronze. 
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PREVENTION MOSQUITO BREEDING. 
Discussion.* 


fit better equipped speak with authority this subject than 
Mr. Miller, for New Jersey called the “father” mosquito 
extermination and prevention mosquito breeding, that was 
the first make live issue and bring the notice the 
people the fact that the mosquito could placed under control and 
rendered less nuisance. 

Mosquito work began some years ago, under the efforts 
English Army surgeon, Sir Ronald Ross, who demonstrated that only 
through the mosquito, this case variety Anopheles, could malaria 
carried from man man, and that was the only known carrier 
the infection. Previous that time had been supposed that 
malaria was caused miasma something the atmosphere, 
the idea the disease being very indefinite until, through the investi- 
gations Italian observers, the organism was discovered the blood 
the human being. Shortly after that Sir Ronald Ross demonstrated 
conclusively that the mosquito was the carrier malaria. This was 
the first thing that brought the attention the people the neces- 
sity getting the mosquito pest under control. seen, therefore, 
that those days was purely health problem. 

Later, the United States Army surgeons Havana, Cuba—three 
commission four sacrificing their lives the investigation— 
demonstrated the fact that certain variety mosquito, Stegomyia 
fasciata, was the carrier yellow fever. That was proven beyond 
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doubt; and two things stand out scientific medicine and health 
problems to-day, namely, that there were mosquitoes, there would 
malaria and yellow fever. 

The malaria problem would done away with entirely the 
extermination the variety Anopheles which carries the disease; 
but, the habits that mosquito being more difficult control, has 
been less controlled, even where menace, than the yellow fever 
mosquito yellow fever countries. 

The control the yellow fever mosquito comparatively easy, 
owing its habits breeding. seems that breeds only 
barrels and other small receptacles around houses. One has only 
prevent water from standing these receptacles order get rid 
the yellow fever mosquito. complete demonstration the efficiency 
work that sort has been given Havana, Cuba, place formerly 
pestered with yellow fever but to-day absolutely free from the disease. 
Yellow fever formerly was positive menace, and retarded the in- 
dustrial development the city; to-day there more quarantining 
the port, and more shutting business. 

know that the Isthmian Canal could probably never have been 
completed had not this scientific question been met prior com- 
mencing the mechanical work. the Canal Zone to-day there 
yellow fever, and mosquito control alone has accomplished this 
wonderful result. 

Referring the speaker’s section the country, namely, Essex 
County, New Jersey, which place has been pestered from the time 
was first colonized, early days, the beginning the present season, 
have reports from Colonial times stating that was almost im- 
possible live certain parts this section the country ac- 
count the mosquito pest. The Essex County Mosquito Extermina- 
tion Commission holds that has faced difficult problem and has 
worked out practical solution for the first time, far the 
speaker knows, the history the country. 

previous years local boards health had attempted control 
the mosquito, and through them desultory movement began. Mr. 
Miller, who was this work its inception, states that began 
about eleven years ago, and the speaker assumes that that was about 
the time when the first practical work was attempted local boards 
health with respect mosquito control. 1912, was found 
that such method was impractical. The local boards health 
could not obtain, would not spend, the money, and even those that 
did make effort their share the extermination the mos- 
quito, suffered greatly from the inroads mosquitoes which were bred 
their neighbors. 

This led attempt formulate law which get control 
the whole problem, and sure that, there were six little towns 
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villages the county, instead having two the work and 


from the lack work the part the other four, some arrange- 
ment could brought about whereby all six municipalities would 
enough work control it. That led the passing the present 
county law, which, Mr. Miller has stated, county commissions 
are established. Each commission given funds accordance with 
the law, rated the taxable valuations the county. The com- 
mission formulates its plans, states the amount money which 
will need for the season’s work, and sets forth the need the work 
done. This forwarded the Director the State Experiment 
Station, and his “O. K.” makes the board free- 
holders furnish the money the request the commission. The 
commission appointed the chief justice the county. This re- 
lieves the situation and takes the question out politics. The com- 
mission serves without pay, and, the present time, this system, 
being tried Essex County, has been found admirably 
adapted the problem. 

The Essex County Commission has met with much criticism, but 
spite that has gone ahead with the work. The members have 
felt that they know the problem, know the mosquito and know how 
breeds; they know how can controlled, and they have men willing 
put the time and the work, and, under the new law, they have 
the money. 

The law was framed that the appropriation was not available 
until certain proportion the county had been flooded with mosqui- 
toes which bred the salt marshes, but, after that, the work was 
out thoroughly possible. result, both the local 
papers and the general sentiment the communities were unanimous 
the opinion that they had never known season when mosquitoes 
were few Essex County the one just past. Weather condi- 
tions may have been favorable for the Commission during 1912, 
but known that wherever mosquitoes have been found heretofore 
they were found breeding during the past summer, but there 
were enough men control the situation. seems almost useless 
continue the discussion the paper, because the speaker’s work 
and that Mr. Miller naturally have been parallel lines; his 
plans are the speaker’s plans this subject, and the results are 
the same. 

reiterate: There Essex County, Mr. Gray has stated, not 
only the salt marsh mosquito, but the house mosquito, the Culex 
which has proven greater nuisance than either the salt 
marsh varieties. The Culex cantator and Culex solicitans breed only 
salt water. mosquitoes have been found Morristown, 
Summit, and Bernardsville, and also points from miles 
from the nearest salt marsh. apparent, therefore, that these 
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varieties are migratory, and are capable flying miles. They are 
most prolific, and can controlled only ditching the salt marshes. 
The salt marshes the Hudson County Meadows and the Union 
County Meadows are being ditched thoroughly, and hoped and 
believed that the salt marsh mosquito can eliminated from Essex 
County and from New Jersey, this work continued its present 
form. 

The Culex pipien small mosquito which breeds fresh water, 
and the dirtier the water, the better likes it. breeds brooks, 
old tin cans, pools, and any place where there water. 
requires house-to-house inspection for its control. continuous 
nuisance, and eliminate each inspector must visit and revisit every 
house his district. Essex County was divided into many dis- 
tricts seemed wise, and inspector was placed over each one and 
made directly responsible his chief, and the chief the Commission. 

The above-mentioned mosquitoes are practically the only three 
varieties which are found Essex County. know where they 
breed; know how they breed; and know how beat them; and, 
the money still forthcoming future years, believe 
inevitable that the mosquito must go. 

All will acknowledge the fact that would wonderful thing 
for New Jersey for any community rid itself mosquitoes. 
One can hardly estimate just what means real estate values 
alone. within the experience everybody who lives New 
Jersey that men who have gone there occupy property and make 
permanent home, have suffered from this little pest, the 
pipien, and the salt marsh mosquitoes, and have gone away and re- 
fused invest property that State. Therefore, Essex County, 
considered good investment devote toward the ex- 
termination the mosquito and set against the depreciation real 
estate and the actual discomfort which comes from the pest. 

The speaker practicing physician, and during 1912 has been 
somewhat interested the amount malaria the county. 
agrees with Mr. Gray his statement that the mosquito problem 
more nuisance than health proposition; not that not 
have malaria New Jersey, for have it, but negligible 
quantity, and would not feel justified spending any such sum 
money get rid what little malaria there the county. doing 
away with this nuisance, however, will destroy the Anopheles 
mosquito, which the carrier malaria. 

The speaker very glad that Mr. Miller has written this paper, 
and feels that everywhere should preach this gospel. 
intelligent men could interested the subject, another step the 
fight would won. hoped that each engineer will all can 
his community create interest this work and aid every 
possible way. 


Papers. 


DISCUSSION PREVENTION MOSQUITO BREEDING 289 


The mosquito does act intermediate host. The malarial 
organism goes through entirely different stage the mosquito 
from what does the body man. This also true yellow 
fever, far known. cannot traced yellow fever, be- 
cause the organism has not yet been determined, but the case 
malaria the organism has been traced all its stages from man 
mosquito and from mosquito back man. 


interested the mosquito question, including the speaker, are trying 
obtain some legislation, based the effective New Jersey law, 
but modified suit the different political and physical conditions. 

The people are bothered great extent with salt marsh mosqui- 
toes which can eliminated drainage the salt marshes. One 
the proposed bills places the entire direction and execution the 
marsh-drainage part the hands the Director the State Agri- 
cultural Experiment Station. Another bill deals the breeding 
fresh-water mosquitoes, and empowers boards health remove 
them like any other nuisance. 

From all the preliminary missionary work that has been done, 
looks favorable results would obtained from the efforts which 
are being made Hartford. 

The proposed bill putting the marsh drainage work, the 
hands the Director the State Agricultural Experiment Station 
calls for appropriation and gives power investigate, 
inspect, and survey all suspected breeding marsh areas, and also gives 
him authority hire engineers, etc., survey and map such areas, 
and estimate and inspect such work required. The engineers 
should have knowledge mosquito breeding marshes. 

Some private anti-mosquito work several the small towns 
has given very good results, particularly the ditching salt marshes; 

course, Mr. Miller states, that has maintained from 


year year, and kept proper shape, the mosquitoes back 
and make worse breeding places than ever. 


Am. Soc. E.—Reference has been made 
the breeding mosquitoes catch-basins. These basins may 
very prolific sources such pests our cities, and very little has 
been done prevent them from becoming breeding places. When 
Washington, September, 1912, the speaker was interested see 
that active preventive measures were being taken that end, under the 
direction Asa Phillips, Am. Soc. E., Superintendent the 
Sewer Department. The catch-basins, which there are more than 
5000, are flushed regularly, once fortnight, and are given dose 
about cupful oil during the breeding season. The cost 
each application about cents per basin. The catch-basins are 
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cleaned once weeks throughout the year, the flushing being merely 
remove the stagnant water. 

Cesspools also afford favorable conditions for mosquito breeding, 
and will interesting note what change may observed 
city like Baltimore, where 100000 cesspools are being abandoned 
the introduction sewerage, and where, certain localities, this insect 
has been serious nuisance. 

The dissemination disease mosquitoes has been suspected 
for many years, although the conclusive proof recent. Dr. Howard 
Kelly, Baltimore, paper before the Johns Hopkins Medical 
Society, mentions some native writings the Sixth Century, dis- 
covered the Governor Ceylon about ten years ago, which insects 
are mentioned carriers disease, and certain kinds mosquitoes 
which cause malaria are described. 

1848 Dr. Josiah Nott, Mobile, Ala., expressed the opinion 
that yellow fever was transmitted insects, but was not until 
1886 that the disease was charged the Stegomyia fasciata 
then living Havana—Dr. Carlos Finlay; and then 
some years elapsed before this was demonstrated fact 
Dr. Walter Reed, A., and his colleagues. this, 
Dr. Kelly says: 


“One thing must strike every reader Reed’s experimental work— 
that based nothing which was not easily within the scope 
scientific investigation any time within the last 200 years. Their 
success rested upon inductive reasoning, accuracy observation, and 
perseverance, and thus affords added illustration the old lesson 
that the simple solution the product the master mind.” 


(by writer has been much 
interested this paper and realizes that the civil engineer has great 
opportunity for effective work mosquito elimination. Especially 
this true regard construction work, where some the very 
worst breeding places have been formed carelessly intercepting 
the natural drainage the building railroads and highways across 
marsh lands. 

The subject mosquito control naturally falls into two subdivi- 
sions: (1), Salt marsh migratory species; and (2), Malarial, rain- 
barrel, and other local species. 

The control the first species requires large initial expenditure 
for drainage. salt marsh mosquitoes migrate, often flying many 
miles, not only the area where they breed, but all the adjacent 
towns are affected. Local effort, therefore, not satisfactory unless 
universal co-operation established. This difficult. seems 
wise provision, therefore, that such work managed the State, 
done New Jersey. After the drains have been cut, small 
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sum must expended annually for maintenance, and the 
believes that this may safely imposed the towns, possibly with Britton. 
provision that the State may the work case the towns fail. 

must done some way. 

The second subdivision deals more particularly with local nui- 
sance, and more properly belongs the province the health 
the laws are insufficient, more authority should given 
the health officer and more funds provided order enable him 
cope with the situation. 

The control the rain-barrel and malarial and other non-migratory 
species may best effected frequent inspections premises, 
the expense the town city, and orders issued local au- 
thorities, the cost the treatment borne either the property 
owner, the municipality town. State supervision inter- 
ference hardly necessary. 

Whether not county mosquito commissions are desirable will 
depend conditions existing the different States. Connecticut, 
for instance, there are county public health associations composed 
the town, city, and borough health officers and few citizens promi- 
nently interested matters public health. Such organizations 
their meetings discuss these problems and adopt general policies; and 
each individual health officer will solve his local difficulties with 
stronger courage knows that the organization back his 
efforts. 

mosquito elimination, all other questions great public 
import, however, strong public sentiment must obtained. Think- 
ing people must awakened. Often laws will help create that 
sentiment, but they are little value unless supported it. great 
educational campaign needed, and every legitimate means should 
adopted end which will improve the health, efficiency, com- 
fort, and, ultimately, the financial condition the people. 


q 


AMERICAN SOCIETY CIVIL ENGINEERS 


INSTITUTED 1852 


PAPERS AND DISCUSSIONS 


This Society not responsible for any statement made opinion expressed 
its publications. 


THE SANITATION CONSTRUCTION CAMPS. 
Discussion.* 


Austin, anp Harry Payrow. 


contribution important subject relative which very little has 
appeared heretofore the publications the Society. 

The construction and sanitation camps for the temporary hous- 
ing men have, generally speaking, received little scientific considera- 
tion among those responsible for their creation, and the author’s sug- 
gestions are materially advance common practice 
considered many, perhaps, revolutionary. 

The proper sanitation construction camps depends variety 
considerations, and involves many diverse problems. The character 
camp construction should depend seasonal variations climatic 
conditions, the length time which the camp will occupied, the 
nationality and intelligence the occupants, the character the 
country which the camp located—particularly whether popu- 
lated non-populated district—and other less important considerations. 

The following discussion mainly from the viewpoint camps 
located more less populous districts, the occupancy which 
extends over more than one working season. The methods camp 
construction and sanitation described have been used successfully along 
large portions the Catskill Aqueduct, structure some miles 
length, extending from the Catskill Mountains New York City, and 
now nearing completion. The work and methods outlined are both 
practical and reasonable, and are believed the speaker adapta- 
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ble, with suitable modifications detail, substantially all conditions. 
The subject may conveniently treated under the following headings: 

1.—Location Camp.—Generally speaking, camps should located 
high, dry ground, preferably sandy; and, where located drain- 
age area tributary domestic water supply, site remote from water- 
courses should selected. 

2.—Water water supply suitable quality and quantity 
for drinking, bathing, and washing must provided, and, the camp 
used for any considerable period, the supply should properly 
piped under pressure the various buildings. ground-water sup- 
ply from deep wells, protected from surface pollution, generally 
the most satisfactory, although under some conditions may allowa- 
ble use surface springs surface streams, their purity can 
properly and continuously safeguarded. Dug wells, open the top, are 
almost always polluted, and seldom safe use water from streams 
and lakes, particularly territory all populated, without proper 
purification. important, especially with sources than 
ground-water, make frequent analyses order secure continu- 
ous suitable quality the supply. 

intelligent selection and inspection all 
food products, particularly milk and such articles are used without 
cooking, important. 

4.—Waste Disposal—The most efficient method disposal 
human excreta, including urine, incineration, and has been 
found entirely practicable collect and incinerate such wastes 
from camps both large and small size. Various types incin- 
erators have been used, including several small, portable ones with 
seats and urinals attached; but, generally speaking, with camps con- 
siderable population, with several years occupancy prospect, has 
been found more economical and practical build special incinerating 
furnaces, properly housed, and collect all the fecal matter tight 
cans, which are placed under the seats the closets and changed 
daily. closets for housing the cans, protected from flies 
thorough screening, should provided throughout the camp and along 
the line the work. The speaker the opinion that, under all 
conditions, incineration much preferred the latrines sug- 
gested the author. 

With the fecal matter disposed of, the problem the other camp 
wastes materially simplified. Garbage should collected and 
burned daily. Stable manure should disposed daily, preferably 
incineration, although may allowable, agricultural dis- 
tricts, permit its use land, hauled sufficient distance from 
the camp make sure that any flies which might breed cannot 
reach the camp area. Liquid wastes from the camp, other than those 
previously mentioned, may taken care variety ways, 
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depending local conditions. the camp located drainage 
area tributary public water supply, particularly the drainage 
from the camp enters such water supply near intake, extreme pre- 
cautions are necessary. the case camps located the drainage 
area Croton Lake (the main source supply that portion 
New York City which includes the Boroughs Manhattan and the 
Bronx), the following precautions were taken: The camp was sur- 
rounded intercepting ditches, and the rainfall the area inside 
these ditches was collected settling basin sufficient capacity 
hold the rainfall from substantially all storms. From this settling 
basin the water was run through sand filters. These sand filters also 
filtered the wash-water from the camp, this water being collected 
proper sewerage system. The effluent from these filters was after- 
ward dosed with chlorinated lime, that substantially sterile efflu- 
ent was finally obtained—generally much better than the natural flow 
the stream into which emptied. case camps located 
polluted drainage areas not used for water supply, the omis- 
sion filtration for surface run-off from the camp and the substitu- 
tion septic tanks broad irrigation for wash-water, may 
permitted. 

5.—Character Construction provision for 
air space and ventilation should made the buildings, and mini- 
mum allowance 400 cu. ft. air space per occupant believed 
the speaker none too much. Proper heating the winter season 
and suitable lighting should insisted on. The mess-house should 
detached from the other buildings. Hospitals proper size and 
suitable equipment should provided, and building which may 
used isolation hospital should readiness case contagious 
diseases. 

physical and medical examination applicants 
for employment very desirable, and may avoid much subsequent 
trouble. The continuous attendance properly qualified physician, 
take charge the sanitation the camp and the health the 
occupants, very important, particularly camps housing con- 
siderable number men. 

from Flies—One the most important problems 
sanitation prevent, far possible, the breeding flies, 
which are believed the speaker the greatest pests 
existence. The daily collection and disposal all camp wastes, most 
which flies may breed, should rigidly insisted on, and all quarters 
for the men, and, fact, all buildings the camp, should properly 

and extreme precautions, high fences 
man-proof type entirely surrounding the camp, with one more 
openings which can, when desirable, placed under proper guard, 
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and illumination the camp area night, have been found very 
effective aids compliance with sanitary rules. 


efficient police force, while not essential, valua- 
ble adjunct connection with securing the best results. 


There doubt the speaker’s mind the economy proper 
camp sanitation. has been demonstrated both possible and prac- 
ticable eliminate substantially the scourge typhoid fever and 
other contagious diseases, and secure sanitary conditions tempo- 
rary camps advance those found most established communities. 
There is, doubt, great increase the individual efficiency 
men employed under proper sanitary conditions, and large gain 
also due non-interruption the work account sickness among 
the force. The restriction time very important nearly ali 
construction work, and expenditures for adequate camp sanitation, 
which should never exceed small percentage the cost the work, 
will almost invariably returned several-fold economy resulting 
from increased efficiency the force, earlier completion the work, 
and other indirect and less tangible benefits. The safeguarding the 
health the surrounding country also most important faetor 
work located populous districts. 

The efficient enforcement sanitary rules very difficult matter 
with the class labor ordinarily employed construction work, and 
the immediate discharge employees who are discovered violating 
these rules has been found the most effective means securing 
their enforcement. continuous campaign education also 
great value aid securing the best results.* 


tion has long been overlooked both engineers and contractors, doubt- 
less for the reasons given Mr. Gray’s admirable paper. Recent 
discoveries, which show how many communicable diseases are transmit- 
ted insects, render strict rules and regulations imperative, and 
sanitary precautions and appliances essential. regards the labor- 
ers, ignorance their chief excuse, but this not with the engi- 
neer, who should also sanitarian, for prevention better than 
cure. 

The construction the Panama Canal was primarily problem 
sanitation, and could not have been solved from other standpoints. 
The average contractor probably more easily moved desire 
further the progress and profits his work than humanitarian 
and philanthropic motives. For this reason, appeal for sanitation 


very complete and able paper Andrew Provost, Jr., Sanitary Expert, entitled 
Problems the Board Water outlining the methods and results 
sanitation along the line the Catskill Water-works, the new water supply for New 
York City, was presented before the Municipal Engineers the City New York, and 
published the Proceedings that Society for 1911 


Entomologist, New Haven, Conn. 


the grounds increased efficiency his men and prevent 
economic loss seems wise. few damage suits for criminal 
negligence extreme cases might have salutary effect. course, 
there are many construction, lumber, and mining camps located far 
from other human habitations, and, such cases, neglect sanita- 
tion affects only those connected with the camps. the other hand, 
there are construction camps located the outskirts many cities 
and villages, and here neglect sanitary measures. imperils the 
lives and health thousands, though, most cases, such camps would 
within the jurisdiction the health officer. 

After the resident physician, the engineer probably the most im- 
portant officer concerned with the establishment construction camps, 
and him that must look the future for large degree 
improvement camp sanitation. has knowledge the 
dangers and will assume the responsibility avoiding and remedying 
them, are making real progress. gratifying that papers 
this nature are presented before the Society. 


congratulated for the manner which has presented 
this subject. The proper sanitation camps should appeal many 
construction engineers and contractors, and hoped that 
better sanitary conditions may obtained. Any method system, 
however, appeal the contractor, should consist appliances 
which are easily and economically obtained. For example, Mr. 
Gray stipulates that copper bronze screens should used 
protect the various openings, such windows, doors, ete. The con- 
tractor usually situated where copper bronze cloth not readily 
economically obtained, and not quite clear the writer 
why common iron screens will not answer the purpose quite well, 
they are for temporary use and all temporary buildings are aban- 
doned the contractor sold for nominal sum when the work 
completed. 

Perhaps the greatest obstacle overcome will the lack 
discipline. the average contractor’s camp, large percentage 
the laborers employed remain for short time only, some camps 
from days fair average, and many them are not 
enthusiastic about shaving and taking baths. are also not much 
given worrying about disciplinary measures, such being suspended 
from the payroll discharged from service. evident, however, 
that much improvement can made. will necessary arouse 
more interest the part contractors, for, rule, they not 
take much interest the sanitary condition their camps. 

the company letting the contract would insert clause requiring 
the contractor keep his camp proper sanitary condition, the 
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and illumination the camp area night, have been found very 
effective aids compliance with sanitary rules. 


efficient police force, while not essential, valua- 
ble adjunct connection with securing the best results. 


There doubt the speaker’s mind the economy proper 
camp sanitation. has been demonstrated both possible and prac- 
ticable eliminate substantially the scourge typhoid fever and 
other contagious diseases, and secure sanitary conditions tempo- 
rary camps advance those found most established communities. 
There is, doubt, great increase the individual efficiency 
men employed under proper sanitary conditions, and large gain 
also due non-interruption the work account sickness among 
the force. The restriction time very important nearly ali 
construction work, and expenditures for adequate camp sanitation, 
which should never exceed small percentage the cost the work, 
will almost invariably returned several-fold economy resulting 
from increased efficiency the force, earlier completion the work, 
and other indirect and less tangible benefits. The safeguarding the 
health the surrounding country also most important faetor 
work located populous districts. 

The efficient enforcement sanitary rules very difficult matter 
with the class labor ordinarily employed construction work, and 
the immediate discharge employees who are discovered violating 
these rules has been found the most effective means securing 
their enforcement. continuous campaign education also 
great value aid securing the best results.* 


tion has long been overlooked both engineers and contractors, doubt- 
less for the reasons given Mr. Gray’s admirable paper. Recent 
discoveries, which show how many communicable diseases are transmit- 
ted insects, render strict rules and regulations imperative, and 
sanitary precautions and appliances essential. regards the labor- 
ers, ignorance their chief excuse, but this not with the engi- 
neer, who should also sanitarian, for prevention better than 
cure. 

The construction the Panama Canal was primarily problem 
sanitation, and could not have been solved from other standpoints. 
The average contractor probably more easily moved desire 
further the progress and profits his work than humanitarian 
and philanthropic motives. For this reason, appeal for sanitation 


very complete and able paper Andrew Provost, Jr., Sanitary Expert, entitled 
Problems the Board Water Supply,” outlining the methods and results 
sanitation along the line the Catskill Water-works, the new water supply for New 
York City, was presented before the Municipal Engineers the City New York, and 
published the Proceedings that Society for 1911 
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the grounds increased efficiency his men and prevent 
economic loss seems wise. few damage suits for criminal 
negligence extreme cases might have salutary effect. course, 
there are many construction, lumber, and mining camps located far 
from other human habitations, and, such cases, neglect sanita- 
tion affects only those connected with the camps. the other hand, 
there are construction camps located the outskirts many cities 
and villages, and here neglect sanitary measures imperils the 
lives and health thousands, though, most cases, such camps would 
within the jurisdiction the health officer. 

After the resident physician, the engineer probably the most im- 
portant officer concerned with the establishment construction camps, 
and him that must look the future for large degree 
improvement camp sanitation. has knowledge the 
dangers and will assume the responsibility avoiding and remedying 
them, are making real progress. gratifying that papers 
this nature are presented before the Society. 


congratulated for the manner which has presented 
this subject. The proper sanitation camps should appeal many 
construction engineers and contractors, and hoped that 
better sanitary conditions may obtained. Any method system, 
however, appeal the contractor, should consist appliances 
which are easily and economically obtained. For example, Mr. 
Gray stipulates that copper bronze screens should used 
protect the various openings, such windows, doors, ete. The con- 
tractor usually situated where copper bronze cloth not readily 
economically obtained, and not quite clear the writer 
why common iron screens will not answer the purpose quite well, 
they are for temporary use and all temporary buildings are aban- 
doned the contractor sold for nominal sum when the work 
completed. 

Perhaps the greatest obstacle overcome will the lack 
discipline. the average contractor’s camp, large percentage 
the laborers employed remain for short time only, some camps 
from days fair average, and many them are not 
enthusiastic about shaving and taking baths. ‘They are also not much 
given worrying about disciplinary measures, such being suspended 
from the payroll discharged from service. evident, however, 
that much improvement can made. will necessary arouse 
more interest the part contractors, for, rule, they not 
take much interest the sanitary condition their camps. 

the company letting the contract would insert clause requiring 
the contractor keep his camp proper sanitary condition, the 


Mr. 
Britton. 


Mr. 
Austin. 


Mr. 
Payrow. 


298 DISCUSSION SANITATION CONSTRUCTION [Papers. 


engineer charge would then position enforce the necessary 
rules and regulations bring about the desired result. This would 
not only improve the efficiency the service, but would tend create 


favorable impression among the people living the vicinity 
the camp. 


Harry Payrow, Jun. Am. Soc. (by recent 
years, the sanitation construction camps received little attention 
health authorities, due partly the fact that most camps are re- 
mote from populated districts and that the authorities are indifferent. 
the other hand, engineers and contractors have not manifested 
great interest they should, for, the author states, camp 
conditions, large extent, govern the efficiency the labor. 

The following brief description the methods actual 
practice construction camp with which the writer was con- 
nected. These methods are believed simple, low maintenance 
cost, and efficacious. 

This camp was the water-shed reservoir used city 
water supply, and that time additional dam was under 
construction. For convenience, the camp was near the work and 
slightly sloping ground. enclosure was formed, with man-proof 
fence strands barbed wire, and only one gate was provided. 
Outside this fence 3-ft. trench was excavated all around 
the enclosure catch the storm-water, thus preventing from reach- 
ing the reservoir. The trench was graded carry the water 
sump where filtered away. 

The sleeping quarters consisted well-built, one-story wooden 
building, covered with weather paper. Instead the old style bunks, 
there were comfortable iron beds, few being baleony along one 
side the room. large coal stove was used for heating. The mess- 
room was separate, one-story building, and contained long tables 
with benches and two three cook-stoves. Connecting the two build- 
ings there was commissary, where supplies good quality were 
sold reasonable prices. All windows and doors were effectively 
screened. 

The sanitary closets were within the camp enclosure, that the 
men would not tempted elsewhere. These were ordinary 
closets, except that galvanized-iron ash-barrels were used 
ceptacles. These barrels were taken away regularly every day 
farm situated far from the water-shed, and there emptied, washed, 
sprinkled with lime, and returned the next day. All garbage was also 
disposed this manner, barrels being placed convenient 
places for the disposal waste matter. the height fly-time all 
sanitaries were sprayed with formaldehyde solution, which prevented 
large extent the accumulation flies. For washing purposes, 
small sand filter was constructed within the enclosure, and all wash- 
water was thrown the filter. 
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There was caretaker for the camp, and was his duty see that 
beds were aired daily, floors swept, disinfectant sprinkled about (especi- 
ally the sanitary closets), and that the men did not throw refuse 
about the enclosure. The patrolman the water-shed, 
employed the city, visited the camp least once day and forcibly 
reminded the caretaker his responsibility. 

The sanitaries the work were provided with ash-cans which were 
collected daily and cleaned, before stated. Any man the work 
who was forgetful fail use the sanitary closet was either 
laid off discharged, according the seriousness the offense. 


170 ft. 


Sanitary Closet 


r- 


Sand Filter 


> 


Trench Graded Sump 


Entrance 


Barbed-wire Fence 


SUGGESTED PLAN 


CONTRACTOR’S CAMP FOR MEN 


suggestion for layout. Additional sleeping quarters can easily 
provided larger number men are employed. quite 
essential that there plenty yard room surrounding the building, 
for this tends keep the men, while idle, within the enclosure. 

After the men understood what was required them, they gladly 
conformed the regulations and very few breaches occurred. They 
enjoyed the camp, very few them left the contractor, and there was 
trouble getting men come the work. This was marked 
contrast another camp, the old bunk variety, the same work. 
This was conducted another contractor, and the men were continu- 
ally disgruntled and constantly leaving. 


Mr. 
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paper furnishes valuable information relating the troubles the 
irrigation engineer and the irrigators. record the memorable 
struggles with flood-waters the Colorado Delta recent years will 
always source valuable information. 

The rich fertilizing qualities the silty waters the Colorado 
River are well known. The important point keep mind the 
fact that the rich and desirable sediment always comes down with 
the first rising river waters, and the undesirable barren sandy silt 
during high water and falling river stages. follows, therefore, 
that the desirable silt had largely from the rising river waters, 
and that suitable management and wise control the scouring sluices 
and regulating gates each end the Laguna Weir are the greatest 
importance the maintenance the entire canal system. order 
reduce silting troubles minimum, the mean velocity flow 
throughout the entire canal system should nearly uniform 
practicable. 


For this purpose the formula given Mr. 
very useful, namely: 


Velocity 0.84 


*This discussion (of the paper Cory, Soc published Novem- 
ber, 1912, Proceedings, and presented the meeting January 8th. 1918), printed 
Proceedings order that the views expressed may brought before all members for 
further discussion. 
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hence, comparing one channel flow with another, have practically 
the ratio: 


but, after all, the main feature keep constantly mind that the 
mean velocity varies and that the slope the surface 
the water and not the slope the bed the canal. With the 
best management, however, there will always some silting up, 
but the silt ought largely valuable character, and when dredged 
and deposited the bank adjoining the county roads the farmers 
will eagerly cart away for fertilizing purposes. The clean, barren, 
sandy silts which are undesirable, should not allowed enter the 
head-works the canal any large extent. The cost the Laguna 
Weir, $434 per lin. when compared with the cost the Kistna 
Anicut, India, $104 per lin. ft., seems unreasonable, but such 
comparisons are always odious especially when all are not 
known. The annual revenues from the Kistna system amount 500- 
000, and the Laguna Weir system approximates this figure, the 
course events, all will satisfied. 

The author’s remarks about “rating curve” are commendable. 
official record absolutely unreliable the conventional rating 
curve for any given gauging station. worse than record 
whatever, inasmuch worthless official record which will have 
officially disproved Court before one can get authority 
proceed. Experience everywhere sedimentary rivers shows that all 
the cross-sections rising river are enormously increased area 
the scouring out effect the down-rushing flood-waters ladened 
only with lighter sediment. The heavy sandy sediments gradually 
down river much more slowly than the rushing flood-waters, 
hence they not show until the river begins fall. follows that 
all the cross-sections falling river diminish rapidly area and 
return gradually the usual low-water cross-section. These being the 
facts every flood, how possible for any sane man get 
rating curve which has any practical value whatever? This par- 
ticularly true the case gauging station the main river just 
above large tributary stream. 

When the tributary stream high flood, the water the main 
river not only high, but the current often running stream, 
which potent fact alone destroys completely the value the rating 
curve. 

The author’s proposed plan building wide rock fill dam, with- 
out any concrete cross-walls whatever, seems plausible, view 
the valuable experience closing the big breaks the Colorado 
River banks leading down the Salton Sea. 

These rock fill dams have now stood the ravages severe floods for 
the past years, and are still intact and water-tight, all practical 
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purposes. The main object the concrete cross-walls the 
dams shut off leakage through the broken stone fill and hold 
the stones together. the low-water flow the Colorado River 

small (6000 cu. ft. per sec.), becomes very important hold 

all the water possible. successful, wide, water-tight dam can 

made, described, without them, all well and good. The writer 

the opinion that well worth trying, from financial point 


view, particularly such site the Weir, where the slope 
per mile only 1.2 ft. 


India, the anicuts are generally built the slope per mile 
3.5 ft. and the river bed pure sand unlimited depth. 


and exhaustive paper most fascinating story the ever-changing 
Colorado. The reader can almost picture himself its banks, witness- 
ing the frequent breaks, overlooking the vast overflows, and taking part 

the repeated attempts closure. The Engineering Profession can 
indeed feel gratified that has members who will patiently chronicle 
events, analyze situations, and faithfully tell failures. 

Much related irrigation needs, local causes and effects floods, 
notable works built and projected for the former, the great emergency 
construction overcome the latter, and studies and plans for future 
protection and control. Little has been said, however, the possibili- 
ties prevention, great works that might built hold back 
the flood flows and let out other times the increased quantities that 
would make for greater irrigation possibilities, increased navigation 
stages, otherwise possible, more water for power, ete. 

Within short time, and brought focus the work the 
Pittsburgh Flood Commission, the country has realized that can 
longer indifferent the vast and universal country-wide problems 
regulating the flow our streams. Without going into details 
the many correlated benefits obtained from storage flood 
flows, the devastations the Ohio, Missouri, and Mississippi Valleys, 
those the Southern Appalachian regions, well those the 
Pacific Coast and great Colorado, vividly portrayed this paper, 
have awakened people, all over this land, the fact that here 
important problem solve, which the factors have some relation, 
wherever go, and from the solving -which, much other good 
will come. 

That this also true the Colorado Basin evident from the 
author’s remarks pages 1352 and 1353* and from Table would 
still further interest, therefore, know whether the storage, 
approximately 10000000 acre-ft. exhausts the possibilities the 
Upper Colorado, and what effect such impounding several selected 
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points would have decreasing the flood discharge and increasing the 
low-water flow. possible that would not apparently diminish 
the interest and intensity the problem protection below Yuma, 
account the peculiar local characteristics, yet probable that 
the cost such works would less and safe results more certain. 

data are available show the effects such storage flood 
peaks, illustrated the Pittsburgh report, hoped that the 
author will present them his closure. not now obtained, per- 
haps this discussion may call attention the need, and emphasize 
the fact that here another place and further reason for the Nation, 
its Central Government, take hold its water problems 
great national question, and study, plan, and treat each group 
streams unit from source mouth. 
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Am. Soc. (by paper gives the mr. 
results obtained from very large number observations, and should 
much value. Before accepting these results perfectly reliable, 
the writer would pleased know the meters, both the rating 
and stream tests, were suspended precisely the and 
supports the same size? 

Were weights used both cases; and were they always the same 
distance from the wheel? 

Was the skiff far from the wheel that did not push the water 
ahead itself trifle and thus reduce the rate revolution the 
wheel? some cases, steamer ascending the Upper Mississippi will 
check slightly the flow the water some hundreds feet ahead 
itself. 

The writer has had extensive experience with current meters 
during period seventeen years, beginning with 1879, during which 
time measured the flow the Mississippi, Missouri, and 
Rivers, and their large and small tributaries, many times, and 
many places. The following propositions are the result his 


Proceedings order that the views expressed may brought before all members for 
further discussion. 


experience: 
This discussion (of the paper Groat, Am. Soc. E., published 
December. 1912. Proceedings. and presented the meeting February 5th, 1913), 
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The thread perturbed current, course, longer than that 
steady current. meter the cup type, without vane, measures 
the thread the horizontal current perturbations, but when provided 
with vane, measures trifle more.than the thread the horizontal 
perturbed current. This due the effect the vane the per- 
turbed current which swings the wheel transversely the current. 
cup meter with vane fixed vertical rod, the current perturba- 
tions moving and down the vertical plane will decrease the revolu- 
tions the wheel and thus offset the increase due the horizontal 
perturbations. This action due the fact that the top and bottom 
faces the meter wheel present propeller-shaped surface the 
water, and when vertical currents strike the wheel they tend turn 
the opposite direction from that produced the water flowing 
against the cups. For this reason the vane should not used 
streams shallow enough permit being omitted, there are 
perturbed currents. Larger streams, when the gauging 
selected, are not perturbed such extent cause 
serious error meter measurements. 

meter the propeller type will measure less than the thread 
the perturbed current, because the inability the vane keep the 
face the wheel all times precisely normal the current. 
current striking propeller wheel sidewise does not increase its revolu- 
tions, the case with the cup meter. type meter, 
clear, straight, running water, will give the same accurate results, 
provided has been accurately rated and supported the stream 
precisely the same way when rated, method which does 
not produce increase decrease current the meter wheel. 

When weight attached the supporting rod under the meter, 
reduces the discharge area and increases the velocity the water 
its vicinity, and thus increases the rate revolution the meter 
wheel. the weight placed in. below the meter, the wheel, 
each type, will run much faster than when the weight in. below 
the meter. difference the location the weight, the use 
the weight one case and not the other, will produce all the dif- 
ference, noted the author for the Price meter, between ratings and 
stream measurements. 

The propeller type meter often made run more slowly 
between rating and stream measurements slight quantity grit 
blowing into the bearings, being carried the water. This 
type meter often made run slow particle dead grass 
leaf (found moving most streams) catching the propeller. 
The propeller type meter does not free itself from such débris, 
does the cup meter. 


Mr. 
Price. 
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When meters are rated still water, necessary wait min. 


more after each passage the meter for the water become still 
again. the wind blowing against the surface the water, variable 
and sometimes rotary currents will produced, which will make the 
rating inaccurate. The surface currents will run one direction and 
the under current the opposite direction. For this reason, the meter 
should rated depth more than ft., and water more than 
ft. deep. 

rating taken running water likely the most ac- 
curate, because the running water carries away the disturbing cur- 
rents produced the movement the meter. 

When cup meter accurately rated still water and ordinarily 
steady running water, the two ratings will the same within small 
fraction 1%, and the rating curve can drawn through all the 
plotted points obtained the rating, that point will vary 
revolutions much from the curve. 

The writer has used Morse paper tape register and electric 
device start and stop the register, mark the paper tape, the 
instant passing the cross-wires suspended over the 200-ft. base, 
that the fractions revolutions the cup meter wheel were deter- 
mined the beginning and end the run; and such rating still 
water, with almost wind, located all the plotted points within 
very small fraction the number revolutions from the rating 
curve drawn. 

The ratings both the Haskell and Price meters given Plates 
and are inaccurate, the plotted points in- 
dicating the number revolutions vary entirely too much. The errors 
the Price ratings are apparently much greater than the Haskell 
ratings. 

Mr. Groat has series observations one tail-race 
where the currents were quite divergent, and the writer submits that 
the result his experiment, treating does one special condi- 
tion, cannot taken, either directly inference, apply 
general conditions measurement the flow streams. 

Under such peculiar conditions, where there are cross-currents, 
the Massena experiment, possible that the propeller type, owing 
its peculiar construction, less affected such currents than the 
cup type; but the propeller type were better for the measurement 
streams where accurate measurements are impossible, owing 
this fact would not indicate that such meters are better 
for general use. 

perfect still-water rating, course, what required when the 
instrument used the measurement straight, flowing 
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streams. The usual rating running water made only secure 
the same result would obtained perfect still-water rating. 
The small variations the current from straight line, seen 
the gauging section most streams, makes only negligible error 
meter measurements. 

meter measures approximately the length the curved thread 
the current; therefore, the thread very divergent, inaccurate 
results will obtained with any meter. 

gauging section having perturbed current which would cause 
error would give evidence the eye the boiling the 
water, and would make the experienced observer hunt for better 
section. However, better sections cannot possibly always found. 

gauging section which has up-stream current should never 
used, and one which has very divergent currents cannot give accurate 
results with any method measurement. 

The first meter used the writer had cup wheel which revolved 
horizontal plane. was designed Gen. Ellis, and had been used 
him the Connecticut River. This meter did good work water 
which was absolutely free from grit. Floating organic matter, such 
leaves and grass, did not often affect it, the turning the wheel 
caused such débris free itself. When the attempt was made use 
the muddy water the rising Ohio 1882, gave very inaccurate 
results, owing grit getting into the bearings, which made its rate 
variable. The writer was then furnished with two very finely con- 
structed meters, designed Clemens Herschel, Am. Soc. E., 
and made Buff and Berger especially for this Each was 
the propeller type, with horizontal shaft, having agate bearings, and 
each was provided with vane hold the meter line with the cur- 
rent both the vertical and horizontal planes. They were perfect 
instruments the propeller type the writer has seen. 

These meters were tested rating them clear water, and gave 
good results. They were then rated bayou roily water, 
overflow from the Ohio, and the results were very inaccurate, owing 
grit getting into the bearings, and leaves and other débris catching 
the wheel and continuing revolve with it. They were tested 
the turbid Ohio River with better results. 

was absolutely necessary have meter which would ac- 
curate work, the great Ohio flood 1882, which was then its 
way, was accurately measured. designing and constructing 
what called the Price meter, this the cup type wheel 
was adopted, for three reasons: The friction the bearings 
small that this wheel can measure sufficiently low velocities, which 
not the case with the propeller type; the revolving wheel will clear 
itself débris; and, using vertical shaft, with inverted cup bear- 
ings filled with air and oil which will stay capillary attraction, 
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water with its load grit can enter. The friction the bearings 
thus becomes constant quantity. The well-known and successful 
operation these meters due these three features, which the 
writer believes cannot secured any other design. 

The propeller type meter, designed Mr. Herschel, was 
service before the Price meter, but has had quite limited use, while 
several thousand Price meters have gone into service. This test 
time, under all kinds conditions, indicates that the cup meter the 
most efficient for general purposes. 

The writer believes that with accurately rated cup meter the 
type having vane—which much the better design for shallow, 


perturbed streams—more accurate results could have been secured 
Massena. 


been greatly interested the results set forth Mr. Groat’s paper, 
for has never had occasion use current meters under just such 
conditions. 

The current meter was designed originally measure velocities 
open channels. has developed into two distinct types: those having 
wheels and those having cup wheels. The first current meter, 
“Woltman’s Mill”, more than 100 years old, was the screw wheel 
type. This meter has undergone various changes form and the 
mounting its wheel, and, the whole, has proved very accu- 
rate and reliable. The origin the cup wheel meter not definite. 
has undergone various changes, and the cups have been various 
formis, namely, cones, hemispheres, and combinations cones and 
hemispheres. Although great deal good work has been done with 
meters this type, they have not shown themselves anywhere 
near reliable those the screw wheel type. the writer’s judg- 
ment, this due the fact that they not always present the same 
area and form wheel the current pressure. The tilting the 
meter, even through small angles, changes these, and consequently 
changes the rating curve equation. current meters the screw 
wheel type, such tilting through small angles makes but slight change 
the area and form wheel presented the current pressure, and, 
accordingly, they follow much more closely their rating curve 
equation. 

the last paragraph page 1678,* the author states, follows: 

rudder, useless appendage meter used stream gauging.” 

The writer’s experience will not allow him accept this conclusion. 
large river, the difficulty holding the axis the meter per- 
the cross-section becomes great that out the 
Proceedings, E,, for December, 1912. 
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question. large streams necessary measure both factors, 
velocity and direction, and reduce obtain the velocity normal the 
cross-section. small streams tail-races possible hold the 
meter rigidly place; but, when thus held, the direction the 
current makes angle with the horizontal, that is, strikes the wheel 
the cup meter either the top bottom the cups, will over- 
register readily running “eddies” The amount 
this over-registration depends the angle which the direction the 
current makes with the horizontal, and can only determined 
some check method. 

not all clear the writer why still-water rating 
current meter should not give entirely satisfactory result. all 
cases where the elements the current the open channel are reason- 
ably parallel, the meter working under almost the same conditions 
when drawn through still water. one case the meter free and 
the water moving, and the other the meter free and moving, and 
the water still. 

The following test direction current meter was made after 
had been rated still water. was made large tidal channel, 
free from “eddies” “boils”, where the elements the current were 
parallel. Each comparison was made running the meter for min., 
and this time running ten large cylindrical can-floats, alternating 
each side the meter. The determined velocities are feet per 
second, follows: 


Float..... 1.04 194 2.56 2.65 2.76 2.80 3.08 
1.28 1.96 2.59 264 2.74 282 


The greatest uncertainty the results obtained with cup wheel 
meters caused using such meters from unstable support, like 
boat, particularly the weather conditions are such give the 
boat any rocking pitching motion. 

The author deserving much credit for his work and his paper. 
Well planned and well executed work cannot help but make for 
engineering progress. 


writer has made scarcely any current meter observations during the 
past twelve years, and hence has not kept fully with the progress 
such work, much pleased the opportunity read such 
clear presentation series observations, evidently made with 
much painstaking care; and gratified note such complete verifica- 
tion, stated, however, much clearer manner, positive difference 
between cup meter and screw meter when running perturbed 
water; which difference the writer noted just short time before leav- 
ing the Government service, and has never had opportunity in- 
vestigate further. 
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Although the difference was then cited being due insta- 
bility support, other words, the rocking the skiff, this rock- 
ing was done for the purpose, not only causing conditions actually 
found the river account “boils” and “eddies”, but 
show the effects that might expected should the skiff support 
moved otherwise than straight and even course, while taking 
rating still water. That the writer was familiar with this source 
error number years ago may noted referring letter* 
written him, which, speaking about the rating meters 
skiffs, stated that rating should never taken skiff 
which being pulled with the oars,” and that “the observers should 
cautioned about keeping the same positions and not swinging their 
bodies from one side the other while the observation being made.” 
This same passage was noted the late William Starling; Am. 
Soe. E., and referred his paper entitled “The Discharge 
the Mississippi 

Mr. Starling’s paper treats general the many difficulties at- 
tending the taking discharge observations the Lower Mississippi 
River, and explains the reasons for some the apparently discrepant 
results published those days, having had access, the time, 
the large mass data gathered the writer and others then engaged 
wrestling with the problem determining the extent of, 
eliminating, errors. must remembered that the possibility 
error very great when measuring the discharge river which 
favorable cross-section has width approximately mile, with 
maximum depth 105 ft. times, where velocities ft. per sec. 
greater are found, and total discharge 1750000 cu. ft. per sec. 
may obtained. Under such conditions, anchor 
the boat equipment, and must held one spot, nearly 
possible, means the rudder and the propelling power, counter- 
balancing the current and wind forces. Careful observations were 
made determine how much movement actually took place. fact, 
large portion the time the field was devoted checking the 
accuracy the observations. may noted that the meters then 
used were the cup variety. Some checks, however, were made 
system double floats. 

noting some the improvements that were being made from 
time time, attention called the fact that, time recent 
1891, the meter rating was considered following straight line, 
and the proper straight-line equation was the method 
least squares, often, however, not until some time after the field 
observations had been made. About the date just mentioned be- 
came customary plot the rating observations and draw the curve 
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conforming nearly possible thereto, from which rating table 
was taken directly. Other tables were made cover all necessary 
computations the discharge work, and each station observation 
was calculated while the boat steamer was moving the next sta- 
tion, that the total discharge was known few minutes after the 
last velocity observation had been made. For instance, during the 
morning May Arkansas City, Ark., the discharge was 
computed sec-ft. compared with 532 875 sec-ft. for the 
day before. Another observation, made during the afternoon, gave 
1741526 sec-ft., showing that some marked change had taken place 
during that time. the following day had dropped back 
sec-ft., about the general average that time. Under 
the old methods, the observations were not computed until some time, 
often weeks, after the field observations had made. 

illustrating the fact that every method that could thought 
the time was used eliminate errors, will suffice say that, 
the case large and persistent difference the discharge, 
found two stations miles apart, new meters were purchased, 
later they were interchanged, frequent ratings were made, and finally 
the observers exchanged places with each other; all was done with- 
out finding satisfactory reason for the difference. This was 1892. 
During the high water 1893 these same stations were again occupied, 
and further efforts were put forth get accurate results. Mr. Starling, 
the paper previously cited, has this say regarding this work: 

“In 1893, the discharges Arkansas City and Wilson’s Point 
agree fairly well; and when checked the results the flanking 
observations, they present very coherent mass data, affording the 


most trustworthy measurement the extreme high-water 
ever obtained the Mississippi.” 


Too much stress cannot placed the fact that just 
important avoid errors rating meters taking the actual dis- 
charge observations; and the writer strongly the opinion, based 
long experience the field, that far the larger part the error 
due the fact that ratings are usually made under physical condi- 
tions which are widely variant from those under which the discharge 
observations are made. For instance, the observations are made 
from steamer, then the ratings should made from the same 
similar steamer, and dead water, possible, although they can 
made accurately moving water, provided the movement smooth, 
generally uniform, and slow enough permit the taking slow 
velocities the down-stream direction. Care must exercised 
keeping the meter below the influence the “drag” occasioned the 
steamer hull moving through the water. 

Necessarily, the official reports, account limited space, 
rule, can contain but brief explanation methods and results; and, 
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naturally, these reports incline toward the better showings, failing mr. 
general recognize the fact that the publication actual failures will 
often hasten the time the final solution the problem. 

may interest know that the first forms meters were 
the wind-mill, screw, propeller type; that is, the vanes turned, 
plane which was perpendicular the direction the current. 
These were used South American rivers 1871. 

eliminate the tail rudder appears move the right 
direction, but vertical rod could hardly used with success gaug- 
ing stream large the Mississippi, and would doubt 
possible work out design which could mounted concentrically 
the cable which now used lower the meter, with its attendant 
lead weight, depths ft. more, affixing the tail rudder 


the lead and placing the latter far below the meter that 
would not influence its running. 


Joun Hoyt, Am. Soc. more than fifty _Mr. 

Hoyt. 
devices for measuring the velocity water have been patented, the 
only meters which have had general use are the Price, Haskell, Fteley, 
and Ellis, modifications these. 

Each the various meters has first been devised meet the re- 
quirement some special condition, and may may not applica- 
ble other conditions. Therefore, current meter should never 
used for other conditions than those for which designed has 
been found applicable. 

1888 the United States Geological Survey began gauging streams 
all sizes anc all sections the country. These streams pre- 
sented infinite variety combinations range depth, width, and 
velocity, were often remote from railroad other regular transporta- 
tion facilities, and were consequently difficult and expensive gauge. 
adequate instruments methods had been developed for work 
this varied nature. Furthermore, elaborate equipment and methods 
were out the question account the limited funds. was neces- 
sary devise adapt current meter which could readily carried 
the field and operated one man, either from bridge, boat, cable 

fulfill these requirements was essential: (a) that the meter 
should simple and light construction, with delicate parts 
which easily get out order; (b) that should simple opera- 
tion, including its preparation for use under any conditions, and its 
dismantling, cleaning, and boxing after use; (c) that should offer 
small area resistance the action the water; (d) that should 
have simple and effective device for indicating the number revolu- 
tions the wheel; and (e) that should adaptable for use under all 
conditions. 

After experimenting with various types, the engineers the Survey 
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developed meter combining certain essential features the Price 
acoustic and the large Price electric meter. This known the 
small Price electric meter, and now general use the Survey 
work. Modifications its construction have been made from time 
time, until now represents the ideas many engineers based 
results more than twenty years experience stream gauging. 
The limitation the Price meter pointed out this paper, namely, 
that may affected cross-currents, has always been recognized 


‘by its designers and users. Therefore, special care has been taken 


restrict its use work where the conditions are such that errors from 
this cause will not affect the final estimates discharge. These 
requisite conditions are: fairly smooth bed; (b) measurable 
and steady velocity current; and (c) stationary stage during the 
measurement. The velocity the current should vary gradually 
throughout the section, which should show marked eddies, cross- 
currents, boils, and its mean should not less than 0.5 ft. per sec. 
low stages. After visiting hundreds gauging stations, streams 
varied character, all sections the United States, the speaker 
that only the exceptional station not cannot 
accordance with these requirements. This statement made 
order correct any impression which may drawn from Mr. 
Groat’s paper, that the Geological Survey records, based measure- 
ments with the small Price meter, generally involve large errors. 
More than two hundred engineers have been engaged the stream 
gauging work the Survey for various periods during the last twenty 
years, and, far known, valid criticism the methods used 
has ever been made which was not fully appreciated the Survey 
engineers; and they have made combined effort correct, far 
possible, each defect the work soon discovered. The 
instruments and methods have been subject continual change, and 
old have been supplanted new whenever the new have been proved 
the better. Constructive criticism the work is, and has always been, 
welcomely received and acted upon, and this opportunity taken ap- 
peal engineers who are interested the use stream flow records 
for more constructive criticism and for co-operation raising this 
branch hydraulics the high plane for which all who are engaged 
are striving. 
few points Mr. Groat’s paper may referred briefly: 


1.—The paper calls attention the recognized fact that the dif- 
ferential meter affected cross-currents. 

believed the speaker that the methads used carry- 
ing the work from which the conclusions the paper were drawn, 
and the magnitude the results obtained, are both open question. 

3.—Unfortunately, the methods are described only general 
way, and various factors which might affect the results materially are 
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not adequately presented. Furthermore, sufficient data for making 
any exhaustive study the results are not given. Therefore, any de- 
tailed discussion the work impossible. 

4.—The large Price meter used the work type which 
has not been used for several years engineers who are most familiar 
with stream gauging. Its use the work the Geological Survey 
was abandoned several years ago, when fifty meters this style, 
all practically new, were condemned and replaced the small Price 
meter, which was found give more satisfactory results. 

5.—The reader left great doubt and uncertainty regard 
the standards used the comparisons. Though the Haskell meter 
used may not seriously affected cross-currents, there are experi- 
mental data, far known the speaker, which show that this 
meter gives results any more accurate under the adverse -conditions 
stated than does the Price meter. 

results obtained with unrated Pitot tube not appear 
sufficiently conclusive for any final deductions. The Pitot tube 
itself has had extended use open channels, its behavior has not 
been fully investigated, and, the limited experiments which have 
been made with it, many questions have come which leave un- 
certainty its action. has been demonstrated that its rating 
does not hold near the sides canal, and has also been shown 
that will not measure the true velocity when the opening not 
line with the current. 

paper points out well-known defect the Price meter, 
but gives remedy, and offers substitute which can used under 
wide variety conditions. 

8.—The assumption that the differences shown the so-called 
still-water ratings the meters apply when the meters were used 
the canal questionable. The amount difference between the 
Price and Haskell meters, when rated under the conditions mentioned, 
will depend the amount disturbance introduced into the rating; 
the Price meter will record, not only the horizontal motion, but also 
the vertical motion and the cross-currents. 

experience the Geological Survey shows that accurate 
ratings the current meter cannot made from boats, owing the 
errors introduced connection with the various factors en- 
tering into the rating. Changes the methods rating the United 
States Geological Survey, the Bureau Standards, and the Rensselaer 
Institute have changed the results ratings about 
per cent. 

10.—The speaker unable see why one familiar with 
meter work would have attempted use the Price current meter under 
the conditions found Massena. Engineers the Geological Survey 
have frequently refused co-operate work where similar conditions 
existed. 


Mr. 
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11.—The statistical synthesis method, understood the speaker, 


Hoyt. not take into the relative distribution velocities and 


areas various parts the cross-section. The mean velocity 
cross-section, defined the Geological Survey, obtained 
dividing the discharge the area, which will not give the same re- 
sults taking the mean the velocities various points the cross- 
section. For example, certain stream may have 50% its flow 
10% its cross-section. Furthermore, this method computation 
has apparent advantage over that ordinarily used, and has the dis- 
advantage being much more complicated, even the results are 
equal value. 

12.—The question the distribution velocity the vertical 
has been investigated most thoroughly the engineers the Geo- 
logical Survey, who have found the mid-depth method the least 
desirable. The mean the velocities two-tenths and eight-tenths 
the depth gives (without coefficient) the velocity the vertical, 
under all conditions natural flow; and, next value, the six-tenths 
depth method has been found the most satisfactory. 


The only method yet devised for rating current meter draw- 
ing through still water. close study indicates that material 
error introduced the results obtained with this instrument ac- 
count the method rating. Large numbers comparative measure- 
ments have been made with the Price current meter, calibrated weirs, 
and measuring tanks, all which show that the meter, when properly 
used, will give results accurate within per cent 

has also been found that measurements different points 
stream, where the conditions measurement are entirely different, 
give results which agree closely. Many measurements have been made 
two tributary streams and then the main stream below, and 
the results check within the limits accuracy necessary work 
this type. 
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will reproduced the volumes Transactions. Any information 
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the Secretary prior the final publication. 


THOMAS CHALKLEY JAMES BAILY, JR., Am. E.* 


6TH, 1912. 


Thomas Chalkley James Baily, Jr., was born Boston, Mass., 
December 20th, 1867. His father, Major Thomas Chalkley James 
Baily, served throughout the Civil War, being com- 
missioned First Lieutenant May 14th, 1861, and retiring with the 
rank Major, August 18th, 1865. His mother, Carrie Todd, 
native Augusta, Me., was Puritan ancestry, and descended 
from the earliest New England settlers. 

After attending the local schools, Mr. Baily prepared for college 
the Newark School, Newark, Del. afterward entered Lehigh 
University, and was graduated the 1890, with high honors, 
and with the degree Civil Engineer. 

For two years after his graduation, was member the Engi- 
neer Corps the Erie Railroad, stationed New Castle, Pa., resign- 
ing accept position the Mississippi River improvement, where 
was engaged examinations and surveys the mouth the 
Mississippi. 1893, entered the Engineer the 
District Columbia, first Draftsman and then Assistant 
Engineer the Highway Division. 1908, was appointed Prin- 
cipal Assistant Engineer the Sewer Department the District 
Columbia; two years later was made Assistant Engineer 
charge Street Extensions; and, 1910, was appointed 
Bridges for the District Columbia. 

Mr. Baily was charge the construction the Anacostia 
River Bridge, and, Engineer Bridges, designed and built 
number important structures, among them the Cedar Street Sub- 
way Takoma Park, C., and the Belmont Street Improvement. 
the time his death, had just completed the plans and specifica- 
tions for the Street Viaduct, crossing Rock Creek Valley 
Washington. 

assisted the design and construction the Edmonton Ave- 
nue Bridge Baltimore, Md., and collaborated with Douglas, 
Am. E., writing the chapters Masonry and Timber 
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Structures for the “American Civil Engineers’ Pocket Book,” edited 
Mansfield Merriman,-M. Am. Soe. 

the time his death, Mr. Baily was making investigations 
the Harbor Progresso, Yucatan, for Barclay Parsons and Klapp, 
Consulting Engineers. died suddenly the City Mexico, 
December 6th, 1912. 

1894, was married Miss Mary Rodgers, Orange, J., 
who, with one daughter and one son, survives him. 

Mr. Baily was thorough and painstaking engineer, and excep- 
tionally devoted student his Profession. had kind and genial 
nature, and was esteemed and admired all who knew him. was 
devoted father, faithful friend, and good citizen. 

Mr. Baily was elected Member the American Society Civil 
Engineers October 4th, 1905. 


CHARLES LEWIS HARRISON, Am. Soc. E.* 


1912. 


Charles Lewis Harrison was born his father’s farm Auxvasse, 
Callaway County, Missouri, March 5th, 1857, and was one 
family twelve, having seven sisters and four brothers. was 
descended from the families Harrison and Crockett, Virginia, his 
grandfather, Major John Harrison, emigrating Missouri 1817, 
and being one the earliest American settlers Callaway County. 
His parents were Thomas Harrison and Catherine (Maddox) Harrison. 
Thomas Harrison was born Virginia, and moved with the family 
Missouri when was less than year old; served volunteer 
during the war with Mexico; tried mining Michigan for several 
years the Thirties; went California 1849, but returned 
Auxvasse few years and passed the remainder his life Calla- 
way County, where became prosperous farmer and man wide 
influence the community, exhibiting those qualities helpfulness 
and thought others strongly marked his son Charles. 

Mr. Harrison’s early education was acquired the public schools, 
from which, 1876, entered the University Missouri, receiving 
the degree 1879 and the degree 1880. During 
the first two years his course was working student, his father 
refusing help him until, expressed it, found out “what the 
boy was made of” and what wanted do. college exhibited 
those qualities for thoroughness, ready debate, and argument, which 
were marked throughout his life. 
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After being graduated from the University, entered the service 
the Mississippi River Commission Rodman, and assisted 
measuring the discharge the Mississippi Fulton, Tenn., until 
August, 1880, when was transferred Grafton, with the grade 
Recorder, continuing the work discharge measurements until 
October, 1881. was then transferred Lake Providence, La., 
Assistant hydrographical and topographical surveys. was obliged 
give this work June, 1882, account malaria, but was 
offered employment under the Corps Engineers the Army, and 
from June December, 1882, was Transitman topographical 
survey the Missouri River from Fort Pierre Fort Randall, 
from December, 1882, September, 1883, was Instrumentman 
topographical survey the Red River the North. 

The construction reservoirs the head-waters the Missis- 
sippi was then progress, under the direction the Army Engineers, 
and Mr. Harrison was engaged Assistant the construction 
dam across that river Pokegama Falls, Minn., from September, 
1883, July, 1884, and Engineer charge the completion 
dam the outlet Lake Winnebigoshish, Minn., during the re- 
mainder the year. During the five years ensuing was with 
uncle Chicago, the live stock commission business. 

From July, 1890, May, 1891, Mr. Harrison took part Assistant 
Engineer hydrographical surveys and investigations for the Sanitary 
District Chicago; then went Northern Michigan Engineer 
charge the improvement Carp River and the construction 
sewerage system for the City Ishpeming, returning February, 
1892, the Sanitary take charge surveys for the loca- 
tion the Chicago Drainage Canal, and from August, 1892, August, 
1897, was Division Engineer charge construction Sections 
15, embracing excavation various kinds large scale and 
much concrete and structural work, including, with other important 
features, the regulating works Lockport, While with the 
Sanitary District, Mr. Harrison served under Lyman Cooley and 
Isham Randolph, Members, Am. Soc. E., successively Chief Engi- 
neers. This was the first opportunity afforded show the Engineer- 
ing Profession his ability engineer and executive, and his work 
gave him high standing. 

the summer 1897, the United States Board Engineers 
Deep Waterways was organized make surveys and estimates for 
deep waterway from the Great Lakes tide-water, and Harrison 
was the first engineer engaged. Division Engineer had charge 
two sections, one being the Niagara Ship Canal route, from Lake 
Erie Lake Ontario, the other extending from Troy Lake Cham- 
plain. the completion this work the end 1900, went 
Panama for the Isthmian Canal Commission, where made sur- 
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veys verify the work the engineers the French Company 
and also made borings the site the Bohio Dam and other 
points. From June, 1900, May, 1902, was Chief Engineer for 
the Denver Union Water Company, and designed and built the Lake 
Cheesman Dam, notable sustaining greater head water than 
any other structure then existing, and without any leakage. 

the end May, 1902, Mr. Harrison accepted the position -of 
Principal Assistant Engineer the East River Division the New 
York Terminal the Pennsylvania Railroad. The division included 
four tunnels under the East River, built compressed air, this class 
work continuing nearly three years. April, 1908, suffered 
injury the heart from too long stay under pressure, from 
which never recovered. The work was then nearly completed that 
could have endured for another day, would not have incurred 
any further risk. attempted resume professional work April, 
1909, Deputy Chief Engineer for the Board Water Supply 
the City New York, but after year’s trial was compelled give 
up, and from that time limited himself consultations. passed 
the winter 1910-11 Southern California; the winter 1911-12 
was Havana and was greatly interested the raising the 
battleship Maine, then progress. March, 1912, visited the 
Panama Canal. 

the latter part August, 1912, contracted slight cold which 
did not take serious form until two three days before his death. 
was buried the family plot the churchyard the Presbyterian 
Church Auxvasse. 

Mr. Harrison’s engineering experience embraced wide range 
work. every new problem gave the most thorough 
study, from the first step the completion, and his judgment thus 
founded trained was seldom never erroneous. During his 
many years participation important work, trained and developed 
large number young engineers from whom required the same 
thoughtfulness and thoroughness, and nothing was more certain 
his criticism than lack care misdirected energy, but was 
given kindly that bitterness followed, and possessed the friend- 
ship and loyalty his assistants remarkable degree. 

His work three important industrial centers—Chicago, Denver, 
and New York—had made him well known throughout the United 
States capable engineer, executive rare ability, and man 
the highest integrity. That his further career would have been 
most distinguished, his health had permitted, evidenced the 
large number engagements was obliged decline. 

loved the truth all things, and hated any form deceit 
was generous fault, but for the hypocrite 
professionally impecunious had consideration. His patience and 
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perseverance, well his thoughtfulness for, and kindliness to, those 
associated with him, was particularly marked, and was always 
most loyal friend. 

His recreation and hobby was most unusual one, that 
was the only engineer, one among few, who owned racing stable. 
His stable, although small, was chosen with the same good judgment 
and attention detail shown his engineering work, that his 
colors were often the lead the principal tracks the country 
and his percentage winners was greater than the stables the 
wealthy owners. 

Mr. Harrison was elected Member the American Society 
Civil Engineers March 2d, 1898, and was Director from 1908 
1910. was frequent contributor the discussions papers 
before the Society; 1905, the Thomas Fitch Rowland Prize was 
awarded him and Woodard, Am. E., joint au- 
thors, for their paper entitled “Lake Cheesman Dam and Reservoir.”* 

was also member the Western Society Engineers, and 
the University and Engineers’ Clubs New York City. 


JOHN HAWKESWORTH, Assoc. Am. 


Diep 10TH, 1912. 


John Hawkesworth, the son James and Ella Zebley Hawkes- 
worth, was born New York City, May 18th, 1883. prepared 
for college the Cutler School, and, 1900, entered Columbia 
University, from which was graduated 1904, with the degree 

May, 1904, Mr. Hawkesworth entered the employ Raymond 
Almirall, Am. Soc. E., Assistant Engineer, and was 
engaged the design and superintendence: construction various 
reinforced concrete buildings and structures and around New 
City. From 1906 1908, served Business Manager for Mr. 
Almirall and had general supervision the work the office. 

Mr. Hawkesworth was one the first engineers engage 
structural tests reinforced concrete, and the results his experi- 
ments were published 1904 “Cements, Mortars, and Concretes,” 
Myron Falk, Am. Soc. Other articles this subject 
were written Mr. Hawkesworth and published Engineering News 
1905. was also the author “Graphical Handbook for Rein- 
forced Concrete Design,” which was issued 1906, and various 
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other. technical books and papers, one the latter being entitled 
“Precarious Expedients Engineering Practice,” presented before this 
Society February 16th, 1910.* 

From 1908 1912, Mr. Hawkesworth spent part his time 
travel abroad and part consulting engineering practice this 
country. was also engaged investigating corporations desirous 
increasing their capital. Shortly before his death organized The 
Carleton Company, Engineers and Contractors, New York City, 
which was President and also Director. 

Mr. Hawkesworth was married, November 25th, 1911, Miss 
Marion Everett Barling who survives him. 

was member the Lotus Club, the Columbia University 
Club, the Westchester Country Club, the Municipal Art Society, and 
Psi Upsilon. 

Mr. Hawkesworth was elected Junior the American Society 
Civil Engineers September 6th, 1904, and Associate Member 
November 4th, 1908. 
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KINETIC EFFECTS CROWDS. 


For nearly century the accepted value for the weight dense 
crowd people has been about 100 lb. per sq. ft., conservative de- 
signers often assuming slightly higher figure, and their more daring 
brethren considerably lower one.* The investigations Stoney,t 
and others, long ago showed that this was means the 
maximum value, and the elaborate work Johnson,§ published 
1904, showed that intensity 183 per sq. ft. was within the 
range possibility. The effect Johnson’s investigations was 
raise slightly the load intensities prescribed some specifications, 
but this effect was means general. 

Thus far, the purely static effect crowd the only one that 
has received careful study engineers, and the “dead weight” 
the loading assumed. The fact that this not sufficient con- 
sidering the load that may come bridge other structure was 
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recognized Robert Stevenson the early part the last century. 
his paper entitled “An Account Suspension Bridges”, published 
1821,* the following interesting paragraph: 

“But the effect have provide against bridges suspension, 
not merely what technically termed dead weight. more power- 
ful agent exists the sudden impulses, jerking motion the 
load, The greatest trial, for example, which the timber 
bridge Montrose, about 500 ft. extent, has been considered 
withstand, the passing regiment foot, marching regular 
time. troop cavalry, the contrary, does not produce corre- 
sponding effects, owing the irregular step the horses. The same 
observations apply crowd persons walking promiscuously, 
drove cattle,” etc. 

Stevenson, however, does not suggest any definite values for this 
powerful agent” which recognizes and describes with such 
clear appreciation. 

Shortly after Johnson’s paper was published, letter signed 
Mr. Moreland appeared London which sug- 
gestive experiment was reported: 

“In 1900 firm had contract for the Manchester Racecourse for 
some large stands, and gain information put many men 
possible our 10-ton weigh-bridge, and found that could get 
ninety men close possible into space ft. ft., 112 
square feet, and they weighed 115 qr., which would equal 
per square foot. then asked them jump, and the load went 
ewt.; they then ran four abreast across the machine, but ex- 
cess was recorded over the cwt. per square foot.” 

Details this experiment are meager, but the only one, 
far the writer aware, which determination sought 
the increased load effect due motion group human beings. 
general, structural work least, this increase assumed 
for the “factor that pernicious and misnamed 
offspring ignorance. 

The study kinetic effect far more complex than that static 
effect, for the movements crowd people may take place 
infinite variety, and each change motion must accompanied 
some exertion force other than the purely static condition. The 
problems suggested, therefore, are capable, best, only approximate 
solution. The following study attempt throw some light 
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the question determining and analyzing far possible the forces 
exerted individual under certain simple conditions motion. 
The extent which such observations apply crowds, and the limita- 
tions such application are then considered. 

The subject divided naturally into two parts: first, the vertical 
effect, the experiment described Moreland and quoted above, 
manifested increase over the static dead load; and, secondly, 
the horizontal effect which appears lateral force. The first 
due changes motion vertical direction, the second similar 
changes horizontal direction. The experiments described are 
simple and direct, and though 
the results may not scientific- 
ally exact, they are least in- 
structive, and furnish basis for 
modifying somewhat our views 
the possible effect crowds. 

Vertical Effect.—1.— Rising 
Suddenly from Crouching 
this experiment the 
subject was asked assume 
crouching position, shown 
Fig. ordinary plat- 
form His weight was de- 
termined and recorded. The 
counterpoise was then moved 
out the scale-beam until 
excess the static load, 
the hooked end the scale-beam resting, course, against the 
lower stop. The subject was then asked rise smartly stand- 
ing position, shown the dotted lines Fig. whereupon 
the scale-beam shot momentarily, showing sudden large in- 
crease the downward load effect the man, result the 
upward acceleration given his body. somewhat larger load was 
then registered the scale-beam and the operation repeated. great 
deal care was exercised prevent the motion from becoming 
jump, and the subject was warned not let his feet leave the plat- 
form. The movement was smart and quick, occupying, per- 
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haps, sec. Each repetition the movement was recorded, and 
the words “Raised” “Not raised”, referring the scale-beam, were 
written after the number representing the load registered the scales. 
The following sample the record sheet kept each experiment: 


(Name subject.) Static weight 155 lb. (Date.) 


seen that this man, weighing 155 exerted momentary 
downward pressure 275 lb., shown the scale-beam lifting 
from the stop, result the movement described. there was 
some question, even after three trials, whether 280 had been 
exerted, the figure taken was 275 lb. increase 77% over 
the static load. (See Line Fig. I.) experiments this 
sort were tried seven different men, weighing from 139 233 
The results are shown graphically Fig. which the black 
portion each line represents the static weight and the shaded portion 
the increase due rising suddenly from crouching position. 
interesting note that the greatest increase recorded, 80%, occurs 
for the heaviest man, former tennis champion who very active 
his feet. 

The two lines marked and A,, one showing 58% increase and 
the other 67%, are for the same man. The result shown was 
obtained the usual way, illustrated Fig. and previously de- 
scribed. The case, A,, differed from that timber, about in. 
deep and weighing 108 was put the scale platform which 
the subject stood. While not likely that the interposition 
this heavy mass had anything with the slight increase (from 
67%) shown A,, obviously did not tend diminish the 
kinetic effect. 
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Suddenly from Sitting Position—This experiment 
was similar and was conducted the same manner, the only 
difference being that the subject rose suddenly from the chair 
which was seated, instead getting from crouching position. 
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Standing up, from crouching posture; 
220 Ib. 


increase, 
F 
Average, 66% 
Standing up, from sitting posture; 
B 
D 
Average, 79% 
> 
Standing and 
Ib. 332 Ib. 139% 
B= 1b £00 Ib. 178% 
1565 Ib. 440 Ib. 184% Ill 
D = . 155 Ib. 360 Ib. 132% 
186 Ib. 625 Ib. 
236% 
Average, 174% 


The movement indicated clearly the photographs, Plate XLI, 
Figs. and which the two successive positions the subject are 
shown double exposure the negative. The records were made 
precisely the same manner for with the results 
shown Fig. II. The letters, etc., refer the same in- 
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dividuals The following sample “log-sheet” for this experi- 
ment, being the record for 


(Name subject.) Scale reading 155 lb. (Date.) 


Static weight subject 144 lb. 


Scales set 200 Raised. 
Raised. 


260 “............Raised—third trial. 
270 259 total net effect, static kinetic; 
115 increase, per cent. 


interesting note that this movement, which may readily 
occur theater, grandstand, other place where large audience 
gathered, gives distinctly higher values than are found Experi- 
ment the average increase being nearly 80%, and individual 
case, the seven recorded, falling below per cent. 

this experiment, the results which are 
shown III, Fig. attempt was made get approach 
maximum individual effect. The subject, standing the scale plat- 
form, suddenly bent the knees and quickly straightened them again, 
the same time jerking the arms and shoulders downward intensify 
the effort exerted. The instructions were get vigorous move- 
ment possible without letting the feet leave the scale platform. 
The vertical movement the body did not probably exceed in. 
The experiment interesting and suggestive, but hardly much im- 
portance, the time during which the greatest effort acts neces- 
sarily exceedingly short. The effort more the nature quick 
blow. Its bearing relation and will discussed later. 

Horizontal idea the horizontal effort exerted 
Experiment (rising from sitting posture) may obtained 
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studying the movement the center gravity the subject. (Plate 
XLI, Figs. and 2.) the ratio the movements, horizontal ver- 
tical, taken measuring approximately the relative intensities the 
respective forces, gives fairly good indication the backward shove 
exerted man when jumps cheer spectacular play 
the football field, shout welcome his political favorite. Plate 
XLI, Fig. the movement shown from erect sitting posture 
standing position, while Plate XLI, Fig. shows similar movement 
from less alert sitting position. The first movement probably more 
nearly typical than the second, but, jumping suddenly, Plate 
XLI, Fig. his final standing position man would probably lean 
forward more than that shown the photograph, that ratio hori- 
zontal vertical motion about 0.75 might fairly assumed. 
though this ratio movements may not show the relative force values 
exactly, owing complexities motion not taken into account 
the simple geometry the figure, undoubtedly fairly indicative. 
basis, taking the increase vertical effect about two-thirds 
the static weight, appears that, rising suddenly from his seat, 
man may exert backward horizontal shove about one-half great 
his weight, say from lb. for ordinary man. 

Figs. and are introduced show the method determining 
the centers gravity the standing and sitting figures. For the stand- 
ing figure (Plate XLI, Figs. and the vertical centroidal line was 
readily drawn the photograph eye. The position the horizontal 
centroidal line was then determined Fig. getting the reac- 
tions head and heels the two platform scales when the man was 
stretched out horizontally. simple proportion between the two ob- 
served scale-weights then serves fix the position the line, and this 
transferred the photographs (Plate XLI, Figs. and the con- 
struction shown the right the figures. Similarly, for the sitting 
figure, vertical centroidal line was obtained the method shown 
Fig. and inclined centroidal line Fig. the angle inclina- 
tion the latter being determined the two measurements, in. hori- 
zontal and in. vertical, shown the sketch. The intersection 
these two lines, when properly transferred the sitting figure the 
photograph (geometrical construction locates the center 
gravity the seated man. The scale for the photographs was fixed 
the two meter sticks seen clearly Plate XLI, Figs. and one laid 
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horizontally the scale platform between the feet the subject 
and the other standing vertically the same plane. The vertical 
and horizontal components the movement the center gravity 
were then measured directly the photograph with this scale. 

Forces Exerted Man motion 
man who walking level floor, sidewalk, ordinary 
speed, not perfectly uniform. The changes velocity—whether 
acceleration retardation—must accompanied some manifesta- 
tion horizontal force, this force urging the man forward when his 
velocity being increased, and holding him back when being 
diminished. these forces act the man, his action (or reaction) 
the floor must equal and opposite them; therefore, will 
exert backward horizontal push when his speed increasing and 
forward horizontal thrust when that speed is, for the moment, partly 
checked. The investigation which summarized Fig. 
attempt determine approximately what values these momentary 
forward and backward forces may have. 

The twelve figures shown the lower half Fig. were traced 
from series photographs, taken intervals sec., athlete 
walking.* The man walked directly front and parallel 
screen which was marked off horizontal and vertical lines into 
squares cm. side. The subject was about in. front 
this background, and the camera some ft. from the subject, that 
the distance interval covered each interval time might de- 
termined with close degree approximation counting the squares 
passed over the man each successive position. making this 
count, the horizontal line, AB, was chosen the base, passes 
very close the center gravity the man for all positions, and the 
“reading” the background squares was made the intersection 
this line with the buttocks the naked figure. The total interval 
found this way, from the first the twelfth figure, was nearly 
0.7 m., about 5.5 ft., giving average velocity ft. per sec. 
trifle more than miles per hour) for the complete stride shown 
the diagram. The average velocity during each interval sec.) 

Eadweard Muybridge (Philadelphia, 1887). This remarkable work, published eleven 
great volumes, shows literally thousands photographs human beings and animals 


great variety motion. smaller edition, containing few the series, much reduced 


size, has been published under the title ‘‘The Human Figure Motion.” (London, 
Chapman and Hall, 1901.) 


- 
a 

7 


Papers. KINETIC EFFECTS CROWDS 333 


Line 


Centroidal 


= 


Ib. 


334 KINETIC EFFECTS CROWDS [Papers. 


time may also determined, and this has been done the last 
column Table 


TABLE 

Meter. feet per second. 
0.18 0.18 0.59 
0.36 0.14 0.46 5.5 
0.50 0.12 4.7 
0.62 0.15 0.49 5.9 
0.77 0.15 0.49 5.9 
0.92 0.20 0.65 
1.12 0.16 6.4 
1.28 0.14 0.46 5.5 
1.42 0.18 5.2 
1.55 0.18 0.48 5.2 
1.68 0.17 0.56 6.7 


interpreting and applying these results, the uncertainties at- 
tendant their computation must kept mind; they give, how- 
ever, interesting and instructive indication the way which the 
velocity varies. Thus, the velocity well below the average between 
Positions and well above between Positions and and well 
below again between Positions and 10. This shown graphically 
the upper curve Fig. which gives the velocity-time curve drawn 
indicated the computed values, not exactly through the plotted 
points but “smoothed out” give even, continuous curve. The 
average velocity for the stride shown the heavy dotted line. 

measure the force exerted, necessary know the accelera- 
tion, and this obtained differentiating graphically the velocity 
curve. This acceleration curve, “first-derived” the velocity curve, 
shown immediately below the latter. The ordinates the accelera- 
tion curve were obtained actual geometric construction for the slope 
the tangent the velocity curve number points. seen 
that the high and low points this acceleration curve have values, 
plus and minus, respectively, ft. per sec. per sec., which 
would correspond horizontal accelerating retarding force 
lb. for man weighing about 160 These force values 
urge the man forward for the high points the curve, and backward 
for the low points; note, this connection, the backward shove 


Force (in pounds) Mass Acceleration, the mass being measured engineers’ 
units” unit 82.2 lb.) and the acceleration feet per second per second. 
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kick the right foot Positions and and the left foot 
Positions and 12, and the forward thrust, retarding the body’s 
motion, the right foot Positions and and the left foot 
Positions and Although these forces are impulsive their 
nature and act for only fraction second, there seems 
doubt their existence, and although the amount not determinable 
exactly (varying must with different individuals and conditions), 
may, apparently, equal even exceed half the static weight 
the man. 

Forces Exerted Man Running Across 
Bridge.—Approaching from slightly different viewpoint this problem 
horizontal force exerted, some experimental data were collected 
bearing the lateral effect which may produced bridge. 
the time boatrace, river pageant, similar exhibition, crowd 
people will naturally gather bridge, ranging themselves along 
one side. the spectacle moves under the bridge the entire crowd 
will cross the other side, Plate XLII, and the motion likely 
fairly rapid. What effect has the structure? 

the previous cases, the experimenting was individual. 
The observer, with stop-watch, noted the time the subject 
turned from the rail one side the bridge and ran quickly the 
other. This time included the start from rest one rail and coming 
rest again the other. The suggestion was made that the sub- 
ject imagine was watching exciting boat race, and did not want 
miss any the contestants pulled under the bridge. The 
tests were carried out three bridges, three different localities, 
the widths between rails being 17, 494, and ft., respectively, the 
second and third bridges having sidewalks both sides. Three men 
took part subjects, one vigorous active man sixty-seven, weigh- 
ing 160 another, thirty-nine years old, and weighing about 140 
and the third, twenty-six years old, and weighing 144 The results 
are given Table and show, might expected, the higher 
average velocities for the wider bridges. 

Remembering that these figures for the velocity are average values 
and not the maximum, may obtain approximation the hori- 
zontal force exerted the man, first started his journey 
across the bridge and secondly when stopped the other side. 
Take, for example, the second bridge noted Table and the first 
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experiment. The maximum speed may safely assumed about 
ft. per sec.—more, probably, rather than less—and the “mass” 
the moving man units (160 g). The familiar expression for 
kinetic energy, MV?, then yields, 


144 360 ft-lb. kinetic energy, 


and this energy must given the man the start his trip and 
destroyed the end. this accomplished the space ft. 
sec.), seems reasonable, the impulsive starting, stopping, 
force has value about 150 nearly equal the the 
man. takes longer time attain the maximum velocity from 
the standing start—say, about effort may extended over 
effort, course, must exerted both the start and the finish, 
the start from rest and the subject comes rest again the 
opposite rail. If, may happen when brings sharply against 
the rail, the whole amount kinetic energy destroyed space 
in. ft., the effort will amount several hundred pounds. 


TABLE 


Width bridge, Weight Time running across Average velocity for 
feet. 


144 10.6 
1.4 (up-stream) 12.1 
1.6 (down-stream) 10.6 
1.6 (up-stream) 10.6 
Average...... 
140 1.4 (up-stream) 12.1 
1.6 (down-stream) 10.6 
1.8 9.4 
1.6 10.6 
Average...... 10.7 
49.5 160 4.8 (up-stream) 10.8 
4.4 (down-stream) 11.2 
Average...... 10.8 
4.4 (down-stream) 11.2 
Average...... 11.8 
5.4 (down-stream) 12.6 
Average...... ft-sec.—* 
140 5.2 (up-stream) 18.1 
4.8 (down-stream) 


14.2 
Average...... 18.7 
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applying these experimental results determine the probable 
effect crowds, several points must receive careful consideration. 
the first place, the object the whole inquiry get some sort 
answer the question: Against what loads, horizontal and vertical, 
should engineer design structure which likely have carry 
dense crowd human beings? with respect their bearing 
this question that the experiment will discussed. 

Direct multiplication individual effect the probable number 
units the crowd is, course, wrong. the first place, the forces 
exerted are impulsive their nature, being exerted for only small, 
though finite and measurable fraction second. order get 
the full effect such impulsive efforts from crowd people, 
necessary have perfect synchronism motion every in- 
dividual, condition practically out the Further, the 
denser throng people, the more individual motion restricted, 
that the more closely packed crowds, giving the higher static 
loads per square foot, the increase resulting from kinetic effect 
much reduced. the other hand, that the static load only shall 
operate, perfect quiescence must secured, condition quite im- 
possible any crowd that absolute synchronism movement; 
and the duty the engineer provide every case for the maxi- 
mum possible load-effect which his structure may subjected, 
duty which immeasurably emphasized when the safety human 
beings stake. 

The first experiment—that rising from crouching position— 
although suggestive and interesting, hardly has practical bearing. 
That particular form motion could take place only sparse 
crowd, and even then would highly improbable. Its main value 
lies showing rather strikingly the importance some considera- 
tion kinetic effect. 

The case man rising suddenly from his however, 
considerable importance. one who has watched grandstand 
full euthusiastic football “fans” can doubt that septacular play 
may bring nine-tenths them their feet with such close approxi- 
mation unanimity motion that the total kinetic effect must 
considerable. However, the usual allowance sq. ft. per sitting 
made, and each spectator assumed weigh 165 
per sq. ft. over the whole structure, increase 70% (over 
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the per sq. ft.) may assumed without reaching the static 
value 100 lb. per sq. ft. for which such stand would probably 
designed. Provision against horizontal effect, however, not com- 
monly made, and the importance some such provision illustrated 
the experiment. the safe side, backward horizontal 
impulse for each sitting might wisely guarded 

The “jouncing” movement, while has high kinetic intensity 
and possible much denser throng than Experiments and 
II, nevertheless much shorter duration; the effect that 
rather sharp, quick blow. this account, practically perfect 
synchronism movement necessary get the maximum effect, and 
this, course, quite impossible any ordinary crowd. 

The horizontal effect resulting from man walking probably not 
general importance, except the case large number men 
marching cadence, body soldiers. The evil effect this 
bridges has been recognized for generations, and the tactical require- 
ment “breaking step” during the passage bridge infantry 
well known.* Mention might made the obvious slight variations 
vertical load effect during the phases stride (in Fig. seen 
that and are high positions and and are low positions 
the man’s center gravity), but these movements are small compared 
with those Fig. and Plate XLI, Fig. 

The experiment running across bridge perhaps rather more 
difficult application crowd. line men, each weighing 
150 was distributed intervals of, say, in. along the railing 
bridge, and, given signal, turned and ran the other side, 
bringing sharply against the opposite rail, the lateral force exerted 
might even exceed the usual allowance made for wind. Something 
the kind, undoubtedly, may occur under certain conditions, but 
what extent should guarded against again matter indi- 
vidual judgment based the exigencies particular problem. 
further application this experiment, however, might mentioned. 
wharf pier, used for excursion boats, may collect large number 
people who enter from the land singly groups and come 
rest the structure. coming rest horizontal force exerted, 
that is, kinetic energy destroyed, tending push the wharf out into 


See quotation from Robert Stevenson, cited previously. 
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the water; and this force applied after the manner succession 
blows, varying magnitude, but all the same direction. 

The same true any elevated platform, structure, built for 
the accommodation men and women, the entrance which re- 
stricted only one line movement. Such structure bound 
receive shocks impulsive horizontal forces the manner indicated. 
That these effects are generally small importance 
quite true; but that they may also occasion reach considerable pro- 
portions, and especially that the cumulative effect may serious, seems 
equally beyond question. may that bridge, pier, 
platform may fully capable carrying all ordinary loads, even 
densely packed crowd people, but some day gives way under 
much less (static) load. not possible that the failure may due 
peculiar combination movements, the part the individuals 
the crowd, timed and synchronized that force effect produced 
the structure far greater than that the mere dead load? 

conclusion, may said that the evidence submitted hardly 
warrants any dogmatic statement what loads should considered 
providing for the possible effects motion crowds people. 
The results the experiments are not scientifically exact, nor are the 
applications definite precise; but that some provision should made 
against effects which are shown probable excited gathering, 
there can doubt. matter for the individual engineer 
determine, solving his particular problem. The facts, albeit with 
some uncertainties and many qualifications, are presented they 
appeared the actual experiments described. They should inter- 
preted and used the light sound common sense, fair and impartial 
engineering judgment, and, above all, due sense the responsibility 
that rests the architect engineer for the safety those who must 
use his construction. 

closing, the writer would express his obligations the friends 
and colleagues whose cordial assistance recorded Fig. and 
the tables. particularly indebted his father, whose virile 
pencil Fig. Plate XLII, and part Fig. are due. 
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The Report the Metropolitan Sewerage Commission New York, 
dated August 1st, 1912, and recently issued, contains, among other 
interesting material, Report Dr. Adeney, which especial 
attention given the subject re-aeration polluted tidal waters. 
Dr. Adeney’s views and conclusions are many respects directly 
contradictory those which William Black, Am. Soc. E., 
Colonel, Corps Engineers, United States Army, and the writer 
reached after study this problem, connection with New York 
Harbor, and fully stated report the Board Estimate and 
Apportionment New York City, published March 23d, 1911. 
this last-named report did not have wide circulation, and the 
matter under discussion one great importance, not only the 
New York Harbor, but all similar situations, seems 
appropriate this time consider the facts and the conclusions that 
have been drawn therefrom various workers. 

Dr. Adeney made the first important contribution this subject 
his well-known experiments undertaken behalf the British 
Royal Commission Sewage Disposal. His results are fully set forth 
Appendix the Fifth Report that Commission. 

describes experiments, with glass tubes ft. long and in. 
internal diameter, which exposed de-aerated water under varying 


conditions, and, the expiration stated times, withdrew samples 


This paper will not presented any meeting, but written communications the 
subject are invited for publication with Transactions. 
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from various depths and submitted them analysis for dissolved 
oxygen and nitrogen. Both sea water and distilled water were used. 
found that, with either kind water, mere exposure the upper 
surface the air resulted practically negligible re-aeration the 
lower depths. reported tendency toward accumulation the 
dissolved gases the upper layers, which was greater the distilled 
water than the sea water, under these conditions. next closed 
the top the tube, introduced small tube just below the surface 
the water, and, suction, caused slight current air bubble 
through the top layer water. This led slightly greater absorp- 
tion the part the distilled water. the case the sea water, 
however, this method procedure resulted fairly rapid absorption 
oxygen and nitrogen, and the quantities these gases found 
various depths the conclusion each experiment showed tendency 
toward uniform distribution. 

Dr. Adeney refers this phenomenon the “streaming effect”, 
and identifies with similar effect obtained Huefner under quite 
different adduces evidence, although inconclusive, 
that Huefner’s theory direct streaming the liquid, brought 
about difference specific gravity, not tenable. did not 


investigate fully the cause the streaming effect, but believed might 
due to: 


minute dust particles, other centres condensa- 
tion, possibly electrical nature, carried the air current and 
being taken the water together with the gaseous constitutents 
the air, and that these bring about some way sufficient density 
the dissolved condensed gases render possible for them 
drawn gravitationally downwards through 


The previous passage the air through one tube water destroyed 
large degree its power bring about this streaming effect 
second tube, while the power was completely lost passing twice 
through water, thence into third tube. Dr. Adeney suggested that 
the ions, dust particles, whatever may the exciting cause, 
were removed such treatment. 

Col. Black and the writer showed experiments with dyes and 
determining the amount evaporation resulting from the passage 
dry partly dry, air into tube water, following Dr. Adeney’s 


British Royal Commission Sewage Disposal, Fifth Report, Appendix VI, 64. 
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technique, that this streaming effect, so-called, was caused true 
streaming water currents. These currents are caused in- 
creased specific gravity the salt solution following evaporation 
the water from the surface layer. This explains also the effect 
using two three tubes series, and the absence any material 
streaming fresh water. the latter case, slight tendency 
toward streaming was observed, and, without further investigation, 
this was ascribed slight lowering the temperature the sur- 
face, due evaporation, and the consequent increase the density 
the surface layer. Undoubtedly, also, the increased density result- 
ing from the solution-of atmospheric gases factor, shown 
Huefner. Although Dr. Adeney his first report claimed have 
disproven the theory circulating currents water, the explanation 
this matter Col. Black and the writer has been tacitly accepted 
him his report the New York Commission, that there need 
further discussion the theory involved. The real point issue 
indicated the following statements 

“It equally evident from these experiments that whatever may 
subsequently discovered the true cause the streaming, its 
effect large volumes sea river water under natural conditions 
must great importance, and such dimensions that the effect 
ordinary diffusion may, comparison, entirely neglected.” 

Col. Black and the writer 

“In practice such results would observed, since the upper 
layers estuary are always somewhat fresher than the lower.” 

This latter statement, Dr. Adeney says, has real foundation 
fact. this connection, reference the New York Commission’s 
will interest. Here shown the condition the water 
the Narrows regards both dissolved oxygen and salinity per- 
centage sea water, seven different stages the complete tidal 
distinct stratification shown each instance. From 
the surface the 20-ft. depth there average increase about 
sea water. the case which shows the greatest uniformity 
throughout the depth, there more than increase. Moreover, the 
condition the Narrows less favorable the contention 
Black and the writer than the majority the cases shown the 


British Royal Commission Sewage Disposal. Fifth Report, Appendix VI, 64. 


Report Col. Black and Prof. Earle Phelps concerning The Location 
Sewer Outlets and The Discharge Sewage into New York Harbor, 1911, 52. 


Metropolitan Sewerage Commission New York, 1912, 449. 
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diagrams which follow. the mouth the Hudson, the gradient 
ranges from sea water ft., and the upper Hudson, 
Mount St. Vincent, normally more than 10% the same 
vertical distance. 

There seems be, therefore, sufficient “real foundation fact” 
for the assertion that stratification does exist, and that there is, there- 
fore, such vertical circulation water from top bottom, 
Dr. Adeney found his tubes, which were initially uniform con- 
centration. further foundation fact required for this almost 
self-evident proposition, reference may had the work Morton 
Sanborn, Assoc. Am. E., “The Distribution Sea Water 
the Charles River Basin.”* result year’s study, with 
almost daily examination the vertical distribution sea water 
various parts the Charles River Basin Boston, Mr. Sanborn 
found stratification persistent that the most severe storms 
produced only temporary uniformity, even the upper ft. 
the water, and that, after the cessation such storms, stratification 
was re-established. The analytical evidence direct and positive, 
and rests theory. The streaming effect which depends the 
presence more dense layers above those less density, impossible 
waters that show increasing concentration salt with increasing 
depths. These conditions exist the cases that have been cited; there- 
fore, the phenomenon streaming does not and cannot occur. 

Dr. Adeney’s further suggestion that the sewage matters are con- 
centrated the upper layers obviously true, but beside the ques- 
tion. are considering the rate absorption dissolved oxygen 
polluted water, under the restriction that the dissolved oxygen 
content shall not reduced below certain specified amount. This 
value, properly determined, will limit the amount sewage which 
may received into the water question, under the restrictions 
imposed. The most favorable assumption that can made that 
the sewage uniformly distributed. This, other words, will give 
maximum permissible pollution. If, the other hand, assume 
concentration pollution the upper layers, then either the amount 
permissible pollution will decreased proportion this de- 
creased volume water available, the conditions the surface 
will reduced below the assumed standard. Such concentration 


Engineering News, March 10th, 1910, 272. 
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sewage near the surface would result greater average rate 
oxidation than there were uniform distribution the same quantity 
sewage, but not the condition maximum re-aeration. 

Dr. Adeney next refers the experimental technique which 
Col. Black and the writer determined the diffusion coefficient. 
first points out that that coefficient bears resemblance the one 
determined Huefner, and believes that our series ascending 
values with increasing temperature are due streaming effect, be- 
failure take extreme precaution preserving the purity 
the water used. With regard the point, the apparent 
merely one units used the formula. The exact 
definition complicated coefficient this kind cannot simply 
made, and the reader referred the original paper (page 89) for 
the definition the coefficient and the units which stated. 
would laborious matter convert Huefner’s coefficient these 
units, and the magnitude the experimental work was much greater 
than his, and, the writer’s estimation, the method experimenting 
was much more reliable, that attempt has been made recompute 
the results other terms. The form which Col. Black and the 
writer have derived most favorable practical application the 
problem hand. 

for the general accuracy the analytical work, the results 
must speak for themselves. would seem that Dr. Adeney’s state- 
ment, “That the results obtained these observers not repre- 
sent the true co-efficient diffusion oxygen water becomes 
evident carefully examining them” (page 83), and his further 
statement that these results have “no resemblance nor relationship 
the true might have been accompanied with more 
explanatory matter for the benefit those less familiar with the 
problem. Col. Black and the writer their report give plot, Fig. 
showing the results 114 tests made throughout considerable range 


temperature. Dr. Adeney quotes from page that report 
follows: 


“The values are somewhat scattering, and closer analysis indicates 
that some unknown factor involved. concordant re- 
sults are readily obtained upon any one day, while upon the following 
day another group concordant results will obtained differing 
from the first. Barometric corrections were later applied without 
relieving the situation.” 
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From this statement, Dr. Adeney concludes that our values have 
been arbitrarily selected, and will give misleading results. The plot, 
Fig. shows the general character the errors that have been re- 
ferred to. There are admittedly imperfections the process, and the 


EXPERIMENTAL DETERMINATION 
DIFFUSION COEFFICIENT 


One Result 
Two Results 
Three Results, 


Diffusion Coefficient 


Temperature 


results are not extreme scientific accuracy. For this reason, the 
work, which was originally carried out contribution pure 


science, was not published such. the other hand, stated 
page 95: 
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“Within the range values which have been employed the 
computations the text, errors resulting from the maximum di- 
vergence individual tests from the average value the curve are 
less than per cent. the five-foot depths and less than per cent. 
the twenty-foot depths.” 


Surely this sufficient accuracy for engineering discussion 
involving many unknown factors, does the New York Harbor 
problem. The increasing value the coefficient with increasing 
temperature, the second point objected Dr. Adeney, was not made 
use our discussions. may noted, however, that this change 
thoroughly concordant, both direction and amount, with dif- 
fusion coefficients which have been determined for various soluble 
salts water. With higher temperature, molecular velocity 
dissolved substance (that its tendency diffuse) increases, and the 
viscosity the solution (the resistance diffusion) decreases. 

Dr. Adeney gives (page 85) the results experiment from 
which concludes: whether evaporation can cannot 
Black and Phelps’ proposed formula yields seriously misleading 
results.” The details the experiment published are not sufficient 
enable one check our formula definite The 
experiment apparently made with and the results are re- 
ferred “Degree Aeration.” The portions the experimental 
tube that were examined are defined the upper, middle, and bottom 
layers, without any definition the extent position these layers. 
impossible, therefore, prove disprove the statement quoted 
above. Comparison these experiments with Experiments and 
reported pages and Dr. Adeney’s original Report the 
Royal Sewerage Commission shows the two sets experiments 
identical all their essential features, and, all probability, the 
New York experiments numbered and are merely recomputed 
from the original work. this supposition correct, Dr. Adeney 
has made seven errors attempting determine the accuracy 
our formula comparison with these results: 


(1) The formula misinterpreted that assumed give 
the increased oxygen content any depth, whereas its derivation and 
our use show that gives the total oxygen absorbed column 
stated depth. This plainly stated page our report. 

(2) Our 20° coefficient used, although the temperature the 


experiments about 8.5 degrees. Our coefficient for that tempera- 
ture just half the coefficient degrees. 

(3) The “re-aeration” was measured nitrogen, while our co- 
efficient refers oxygen. There evidence that the two gases 
behave similarly. 

(4). The experiments are sea water, whereas our coefficient re- 
fers fresh water, and state explicitly that the sea water co- 
efficient necessarily lower, owing the increased viscosity sea 
water. This effect would exaggerated low temperatures. 

(5) The computed value was based upon the supposition that 
the water was free from oxygen the start, whereas contained 
more than 16% each experiment. Proper use our formula takes 
account the original oxygen content, self-evident matter which 
Dr. Adeney consistently overlooks. 

(6) recomputing his results the basis “per cent. satura- 
tion,” the temperature the room, 10° 13.5°, used, instead 
the temperature the water jacket, 8.5 degrees. 

(7) these recomputations, values zero are arrived 
the middle and bottom layers, whereas each case the original 
experiments definite amount re-aeration was noted. The quanti- 
ties are small, but too large ignored when the argument 
based upon zero values. 

the writer error assuming that these two sets results 
refer the same experiments, merely necessary point out that 
they are obtained under identical conditions, far the conditions 
are stated, and, any event, the writer will deal with the original 
work, which fully described, rather than with the apparently 
recomputed values the New York Report. The figures the 
original report, the New York Report, and the former recomputed 
the form the latter, are given Tables and 

The columns referred Tables and are the long glass tubes. 
Air was bubbled through the top layers three these series. The 
results the first columns are not given, for the circulating currents 
established vitiated the diffusion effect. 

The experiments are not capable giving accurate measure the 
diffusion coefficient because the large percentage errors that are 
possible and evident the lower depths all the columns. Neither 
are they planned take advantage our formula, which gives the 
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TABLE ADENEY’s EXPERIMENTS WITH SEA WATER. 
Original Experiments. Royal Sewerage Commission Report, Pages 62-63. 
Amount nitrogen cubic centimeters per liter. 


Time, 
Start. 8.6° 8.8° 2.18 2.51 2.18 2.51 2.18 2.51 
11.15 2.29 2.55 2.18 2.54 
Start, 8.4° 8.5° 1.68 1.51 1.68 1.51 1.68 1.51 
7.15 6.98 1.65 1.56 1.65 


TABLE 2.—DEGREE AERATION, PERCENTAGE 
SATURATION. 


Time 


COMPUTATIONS NEW YORK REPORT, PAGE 85. 


10.0 
18.5 


COMPUTATIONS THE WRITER FOR NITROGEN 8.5 DEGREES. 


total oxygen absorbed the entire column. the course estab- 
lishing the formula, derived expression for the change oxygen 
concentration any depth. This shown page 92, just before the 
integration. While have determination the coefficient for 
nitrogen sea water, may not without interest note that 
this formula, under the stated conditions depth, temperature, and 
initial content the water, the increase oxygen column fresh 
water the bottom layer, depth, 1700 mm., would amount but 
0.1% saturation, instead 6%, which Dr. Adeney computes. 
Experiment which the temperature was maintained constant 
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within 0.1°, the results were 0.16% and 0.08% the two tables. 
the other experiment the temperature varied 0.3°, and the results were 
0.39% and 0.23%, respectively. Undoubtedly, all results are high, 
owing changing temperature and circulation the tubes. 
evident, however, that the diffusion coefficient nitrogen sea water 
somewhat lower than that oxygen fresh water, and that the 
mathematical analysis this problem Col. Black and the writer, 
not supported, least not invalidated Dr. Adeney’s figures. 
theory and laboratory investigations such 
complex problem this are likely futile, unless the results can 
controlled and checked against actual conditions. The problem 
re-aeration enormously complicated one, but, fortunately, New 
York Harbor provides full-scale experiment, and the various investi- 
gations which have been made its waters have furnished consider- 
able mass analytical and other data. will value, therefore, 
inquire what extent Dr. Adeney’s values for re-aeration 
harbor water whole differ from those Col. Black and the writer, 
and there serious difference, how the two sets values compare 
with existing conditions. Dr. Adeney states* that any pollution which 
would not cause greater rate absorption than 0.055 oxygen 
per liter per hour would exercise apparent effect the aeration 
tidal water. The context shows that means the condition 
aeration, not the rate re-aeration. Col. Black and the writer have 
already discussed the errors this point view, which gives con- 
sideration whatever the initial conditions aeration depth. 
must obvious that saturated water will absorb oxygen; that 
there must reduction from the normal condition aeration before 
absorption begins; and that, furthermore, the greater this reduction 
the greater the absorption. The figure quoted refers mixture 
salt and fresh waters equal proportions, and the value for mixture 
containing 75% sea water 25% greater. This the statement 
taken literally and without question Edlow Harrison, Am. 
Soe. E., upon which based his computation cited Col. Black 
and the writer (page 49) show that the waters New York Harbor 
could provide for the sewage 60000000 people without reducing 
the normal oxygen. Dr. Adeney, his New York report, makes 
attempt treat the question quantitatively, but points out the serious 


British Royal Commission Sewage Disposal, Fifth Report, Appendix VI, 67. 


ABSORPTION OXYGEN DE-AERATED WATER 351 
variation important factors, and believes that the rate re-aeration 
may vary from zero such magnitude practical import- 
ance. His only approach quantitative statement the effect 
that rates 0.067 0.077 oxygen per liter per hour are prob- 
ably maxima. The average these two values equivalent 0.86 lb. 
per million gallons per hour, figure which will used later for com- 
parison. This value refers 6-ft. depths, and Dr. Adeney concludes 
that greater depths the rate will vary inversely, that 
depths may assign 0.43 Ib. Dr. Adeney’s maximum. Dr. 
Adeney’s original report, 6-ft. columns were taken represent actual 
conditions practice. Recognition the depth factor apparently 
due the Black and Phelps formula. Col. Black and the writer also 
realized the complex nature the problem, but undertook definite 
solution which would involve the most important variables. They esti- 
mated average rates absorption, 12-ft. depths, about 0.045 
per million gallons per hour, although this figure varies considerably 
the various portions the bay. 

Comparison these figures with Dr. Adeney’s maximum, after 
modification for depth, shows them about one-tenth great. 
Dr. Adeney confesses his inability determine average rate, but 
claims that “of such magnitude great practical im- 
portance.” Our figures are average rates, and represent immaterial 
quantity the treatment the whole subject. While Mr. Harrison’s 
estimate would probably unfair statement Dr. Adeney’s views, 
now modified his New York report, should noted that 
the only computation that has ever been made show the value the 
“streaming effect,” and Dr. Adeney has made attempt correct it, 
replace with more conservative computation. The Black 
and Phelps formula has been applied the conditions existing 
New York Harbor, and, conjunction with Col. Black’s excellent 
mathematical analyses the tidal conditions existing, has been used 
basis for computation the actual condition the waters 
various parts the harbor. Instead providing for 60000000 
people without reduction the normal oxygen the waters, find 
the effect re-aeration practically negligible. there 
reduction from the normal there will re-aeration. 30% the 
normal oxygen the harbor waters used sewage oxidation, 
that the waters stand 70% saturation, the additional aeration 


will amount less than saturation hours. Under these 
conditions, oxygen obtained from the atmosphere absorption would 
for the sewage about 250000 people; out total 7.4 
millions which are provided for the per cent. The fact that, 
with less than this population contributing sewage to-day, the waters 
the harbor not stand their normal oxygen content, but are 
the average already reduced approximately 70% saturation, 
interest. The condition, assuming practically re- 
aeration, agrees closely with the facts. more severe test our con- 
clusions, however, possible. The Metropolitan Sewerage Commission 
made 1870 analyses for dissolved oxygen and near New York Har- 
bor during 1911. This work was confined mainly typical cross- 
sections. Table shows the original computations Col. Black and 


the writer, comparison with summary the Metropolitan Com- 
mission’s results. 


Black and Phelps, February, 1911. 
Analyses Metropolitan Sewerage Commission for the 
Year 1911, Reported August 1912. 


Percentage 
saturation. 
Location. 

Lower Bay. 

Upper Bay. 

Hudson 96th Street. 

East River. 

Mouth Hell Gate. 

Hell Gate Throg’s Neck. 


The computations refer the areas indicated Table while the 
Commission’s figures are necessarily for cross-sections. each case 
the value for the area question the end the flood compared 
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with the average figures for flood and ebb the cross-section down 
stream from the area question; and the end the ebb with simi- 
lar values for the cross-sections stream from the area question. 
the single case the Hudson River 96th Street the end the 
ebb there are up-stream data available. The figure given the 
average value for the ebb flow the mouth the Hudson. Obviously, 
the character the water remaining this section the end the 
ebb worse than the average ebb flow, fact which indicated 
the discrepancy these two figures. With single exception, the 
remaining figures show striking agreement. There evidently some- 
thing wrong with our value the region Hell Gate, which has influ- 
enced the computed value the ebb-waters below Hell the 
flood-waters above. might suggested that there influence 
the Harlem River shown here which was not properly taken into 
account our computation. 

The agreement between the computed and the actual conditions, 
although gratifying, itself little practical moment. Its value 
lies the fact that demonstrates the substantial accuracy the 
methods which have been used the analysis this problem, and 
makes possible use this same method computing the probable 
effect further increase population, the discharge addi- 
tional quantities sewage from regions not now tributary New 
York Harbor. All the facts seem support the view that aeration 
New York Harbor immaterial factor the whole problem 
sewage disposal. 

Upon the grounds theory, experiment, and experience, therefore, 
the writer, much his personal regret, finds himself obliged differ 
from Dr. Adeney, whose personal acquaintance has the honor 
enjoy and for whose scientific work has the most cordial regard. 
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SOME EXPERIMENTS WITH 
MORTARS AND CONCRETES MIXED WITH 
ASPHALTIC OILS. 


Messrs. AND THOMAS SANBORN. 


Recently, the attention engineers has been called some 
tests oil-mixed mortar and concrete,* Logan Waller Page, 
Am. E., which are held indicate that oil will mix uni- 
formly with concrete cement mortar, forming what may termed 
emulsion, and that concretes and mortars, thus mixed with certain 
percentages oil, are “absolutely water-tight under pressures high 
per sq. in.” and, “under low pressures, both «re water- 
proof.” 

order determine whether these results would hold true for 
concretes mixed with western (asphaltic) oils, the writers began 
series tests February, 1912, laying special emphasis the ques- 
tion permeability under pressure. 


CoNCLUSIONS. 


1.—The following experiments, although incomplete and 
sive, indicate that, with western (asphaltic) oils, the facts stated Mr. 


papers are issued before the date set for presentation and discus- 
sion. Correspondence invited from those who cannot present the meeting, 
and may sent mail the Secretary. Discussion, either oral written, will 
published subsequent number Proceedings, and, when finally closed, the 
papers, with discussion full, will published Transactions. 


the Properties Oil-Mixed Portland Cement Mortar and 
Transactions, Am. Soc. E., Vol. LXXIV, 255. 
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Page regard strength and water-tightness oil-mixed concretes 
and mortars are open serious question, and should not accepted 
practice until further experiments have demonstrated their truth 
more fully. 

2.—Concrete and cement mortars with 10, and 15% oil, 
weight cement, were found these tests more permeable 
than concrete and cement mortars without oil, when subjected pres- 
sures 20, 40, and per sq. in. 

3.—The strength mortars was found affected seriously 

4.—The absorption water mortars under low heads was found 


but little decreased the addition light oils, and increased 
with heavy oils. 
TESTS. 


Great care was taken secure uniformity qualities and quantities 
all the experiments. 

the permeability tests, three specimens each mixture were 
tested; and the tensile and compressive tests, either three six 
specimens each kind were used. 

The quantity oil used each case was determined per- 
centage, weight, the quantity cement. was found, stated 
Mr. Page, that the western (asphaltic) oils will also readily 
emulsify with wet cement, cement mortar, concrete, and can be- 
come mixed thoroughly the mass that examination with 
reading glass unassimilated globules oil are visible. The mixture 
has rich glossy appearance, the oil, apparently, has spread itself out 
thin film enveloping each particle sand and rock. Even very 
thick oil—one which viscous that when cold cannot 
poured—will mix and disappear concrete mortar when heated 
and mixed with hot aggregates. The amount mixing was found 
principal factor determining whether not the oil 
incorporated completely and uniformly with the other ingredients 
mortar concrete. 

The consistency the concrete mortar also governs the degree 
emulsification; the wetter the mixture the better the oil emulsifies. 


MATERIALS. 


The oils used were commercial products having trade names 
indicated. Their mechanical analysis shown Table 
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Name. Flash point.| Burns, 
Richmond Road Oil No. 6......... 18° 400° Fahr. 


Portland cement complying with standard specifications, clean river 
sand, and two kinds river gravel were used for the concretes. 

One gravel was graded from in. in., the other from in. 
down. The percentages voids were: Sand, 33; fine gravel, 374; 
coarse gravel, 49. Portland cement and standard sand were used 
all mortars. The proportions used for concrete were for aggregate 
maximum density. The mechanical analysis the aggregate 
shown Table 


Percentage passing 
Diameter, inches. through sieve. 


proportions aggregate are volumes, loose. 
The quantity oil given percentage the weight the 
cement. The quantity water giving quaky mixture was determined 
and used thereafter. 

All mixing was done box having approximate volume 
cu. ft. 

The sand, fine gravel, and cement were mixed the usual way, 
and the oil was poured the wet mass and thoroughly mixed until 
had completely disappeared, shown uniform color and absence 
oil spots. this mixture the previously soaked coarse gravel was 


100 
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then added, and the whole was mixed again. order insure uni- 
formity mixing, the time each separate operation was fixed and 
thereafter followed according schedule. 

The most viscous oils, namely, liquid asphalt and road oils, re- 
quired larger percentage water (for the same than 
the mixtures using the lighter oils. 

Mortars.—The proportioning mortars was done weight. Three 
parts weight standard (Ottawa) sand and one part cement 
were mixed normal consistency; the oil was then poured the 
mortar, and the whole was mixed until the oil disappeared and the 
resulting mass was uniform color. The viscous oils required more 
mixing than the lighter oils bring about this condition. 

Neat Cements.—Standard methods mixing the cement paste were 
used, the oil being poured the wet paste and mixed before 
until the mass was uniform color. Apparently there limit 
the quantity oil that may used, far emulsification 
concerned, the cements containing the largest percentages oil 
emulsifying readily those containing smaller quantities. 
oil and wet cement mix together perfectly two grades oil. 


TESTING. 


For tension and compression tests, the usual standard methods were 
used. The permeability tests were made with apparatus similar 
that used for such tests the University Wisconsin. The apparatus 
consists four lengths pipe tapped into horizontal main. 
Each these pipes connects with 18-in., glass water-gauge fitted 
with calibrated scale for measuring the quantity water between 
certain heights shown the gauge. the end each vertical 
pipe there union for connecting the specimen holder. These hold- 
ers are 6-in., threaded, wrought-iron pipe, in. long, fitted with 
cast-iron caps which screw down rubber gasket, thus making 
water-tight joint. pipe from this cap connects with the union 
previously mentioned. 

After the specimens are connected up, water let from the top, 
through valve the horizontal pipe, until stands certain 
height the gauge glass. The pressure applied compressed air, 


which kept constant two supply tanks and gauged its en- 
trance the apparatus. 
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valve placed between each specimen and the horizontal main, 
that leaky broken specimen can shut off without disturbing 
the test the other specimens. 

The permeability specimens were made the holders previously 
mentioned, Fig. The concrete specimens were in., and the mortar 
specimens in., thick. Before the concrete mortars were put 
place, lining neat cement was plastered the inside 
the pipe, which insured perfectly tight bond. 

All specimens stood dry for 
hours after mixing; water was then 
put top the specimen until 
the test was made. 

The top and bottom surfaces 
each specimen, before being at- 
tached the testing machine, 
were chipped uniformly hand 
tools, order provide for each 
specimen surface nearly uni- 
form 


Iron Casting 


Time was found 
that, with oil-mixed specimens, the 
time setting was retarded, 
both the initial and final 


These tests were made with the 
' 
Standard Specifications. The oil PERMEABILITY TEST SPECIMEN 
used was average middle-grade 


oil. Table gives the time initial and final set for various per- 
centages oil. 


5.20 
5.20 
5.80 7.80 
6.80 9.50 
12.20 36. 


7 
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These results confirm the observations Mr. Page.* theory may 
advanced that the time setting retarded and the strength 
decreased, due the fact that the oil film separates particles 
cement from each other, that there not the complete intimate 
association every particle cement, there mixture with- 
out oil. 

Tensile three six specimens each kind 


were broken. All tests were made specimens set hours moist 


air, the remainder the time under water. Table gives the strength 


and relative values specimens having various percentages oil. 


Averages three more briquettes. 


Days. Days. 
Pounds per Relative Pounds per Relative 
square inch. strength. square inch. strength. 
Percentage. Percentage. 
824 100 430 100 
Boiler Fuel....... 260 80.3 835 
170 52.5 225 52.4 
137 42.3 213 49.6 
Richmond Fuel, 10.. 170 52.5 273 63.5 
Road No. 10....... 146 45.0 184 42.8 
Liquid Asphalt, 10.. 141 51.2 


Crushing compressive specimens were made 1:3 
mortar 3-in. cubes. Specimens stocd hours moist air; the 
remainder the time before testing they were under water. 
tests were made electrically-driven machine, the load being 
applied slowly. every test the specimens failed regularly, the sides 
sloughing off uniformly. Table are given the compressive 
strengths and relative values oil-mixed specimens compared with 
plain no-oil mortar. 

Absorption.—Mortars containing percentages middle-grade oil 
were slightly less absorptive than plain mortars, the absorption 
decreasing with the increase the percentage oil. The specimens 
containing heavier oils showed increase absorption. 


Loc. cit., 258. 


was found that the end hours the mortars had reached 
just about complete absorption. the end hours the weight 
had only increased negligible fraction over that the end hours. 


TABLE 5.—28 anp 50-Day Compression 


Days. Days. 


oil. 
Pounds per Pounds per 
Percentage. Percentage. 
Boiler Fuel....... 435 61.6 620 82.4 
712 18.2 000 22.8 
Road Oil No. 10... 235 
Liquid Asphalt, 10.. 080 


Table gives the results the absorption tests. 


Days OLp. 


on 

Weight after hours water.......... negligible gain over hours immersion. 


Permeability Tests—The permeability tests were made with the 
specimens heretofore described; the end days with concrete, 
and days with mortar. Three each were tested, and the average 
value was taken, except some cases when the specimens proved 
faulty. Water pressure was applied concrete for periods 
hours each under pressures 20, 40, and per sq. in., and finally 
4-day test under per sq. in. was run. With mortar specimens, 
10- and 20-lb. pressures were applied for hours under each pressure. 
Tables and give the number cubic centimeters water 
passed through the specimens under the various pressures. 


q 
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TABLE Tests 1:3:4 
All specimens under pressure for hours. 


Set. Kind oil. 
sq. in. in. in. 


*Set stood dry hours before testing. the results for increasing pressure 
not agree with and they have been omitted taking the average. 
for was thrown out defective. 


LB. PER SQ. IN. AVERAGE SPECIMEN 
Set. 


Kind oil. Percentage oil. 
Richmond 
Liquid Asphalt.. ............. 185 
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TABLE Tests, 1:3 
Average three specimens. Each pressure hours. 


CENTIMETERS WATER THROUGH. 


Kind oil. 
per sq. in. Ib. per sq. in. 


SuMMARY 


The following conclusions are drawn from the results these 
investigations with asphaltic oils: 

concrete containing 10, 15% oil, weight 
cement, more permeable under pressures from lb. per 
sq. in., than without the incorporated oil, and oil-mixed 
mortar containing 10% oil more permeable than plain mortar 
under pressures and per sq. in. 

2.—Oil-mixed mortars containing percentages oil show 
slightly less absorption water than plain mortar, except that with 
the most viscous oils the mortar becomes more absorptive, and absorp- 
tion not index the permeability. The absorption decreases 
with the increase the quantity oil. 

tensile strength oil-mixed mortar decreased con- 
siderably below that plain mortar. The strength decreases with 
the increase the quantity oil. 

4.—The compressive strength oil-mixed mortars follows lines 
similar those the tensile strength, but with greater decrease 
strength with the quantity oil. 

5.—The strength decreases with the viscosity the oils, and with 
the most viscous oils requires considerably more water keep 
mixture normal consistency than required the fluid oil 
mixtures. 

6.—The relative decrease strength with the increase the quan- 

The writers wish acknowledge their indebtedness Professor 
Wing, Am. Soe. E., for his aid and advice the work, and 
the Standard Oil Company San Francisco for its courtesy 
furnishing the oil samples. 


. 

q 

7 

q 

q 


AMERICAN SOCIETY CIVIL ENGINEERS 


INSTITUTED 1852 


PAPERS AND DISCUSSIONS 


This Society not responsible for any statement made opinion expressed 
its publications. 


HEAD DUE SUDDEN ENLARGEMENT 
CIRCULAR PIPES.* 


This paper presents summary the experimental data and compu- 
tations therefrom obtained series tests determine the loss 
head due sudden enlargement cross-section circular 
pipes. The question arose with the theory the jet 
pump, and its investigation thesis led some interesting con- 
clusions which are herein set forth. Observations were made during 
December, 1911, and January March, inclusive, 1912, the Hydrau- 
lie Laboratory, University California. 


THEORY. 

Theoretically, the determination loss head liquids due 
sudden enlargement cross-section simple and apparently exact. 
perhaps for this reason that little experimental work has been 
done determine the actual losses. For convenience, this theory 
here given, and follows: 


Let velocity, feet per second, outlet smaller pipe; 
cross-sectional area, square feet, outlet smaller 
pipe 
pressure, pounds per square inch, outlet ‘of smaller 
pipe 


*This paper will not presented any meeting, but written communications 
the subject are invited for publication with Transactions. 
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density water, pounds per cubic foot. 


Then pressure head, feet water 


velocity, feet per second, large pipe, section 

maximum pressure, pounds per square inch, larger 
pipe; 

theoretical lost head, feet water, due sudden 
enlargement 

quantity water flowing, cubic feet per second. 


The momentum relation follows: 


combining Equations (3) and (4) and making continuity substi- 
tutions, seen that 


or, another form, 
2 


The equation for the value the actual experimental 
probably the form, 


n n 


The energy relation is: 


PLATE 
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and being empirical coefficients, determine the value which 
under various conditions was the purpose the work described. 


sizes commercial, smooth, pipes were used, 
ranging from in. diameter, all being in. thick and 
long. The ends were machined square and even, and burrs were re- 
moved with emery paper. 

were made with cast-iron flanges, in. 
diameter and in. thick, machined make water-tight friction fit 
over the ends the brass pipe, which they were driven until just 
flush. Flanges were bolted together with gaskets between. 


No, 14 Brass 


d 

| 

! 
Vertical Section 


1 31! ' 
Horizontal Section 
ENLARGEMENT 
AND 
PRESSURE TAPS 
Section Pressure Tap Cross-Section 


Pressure Taps.—Taps were inserted the sides the pipe, 
which internal pressures were obtained. No. the small 
pipe were in. from the plane enlargement and opposite sides 
the pipe. Taps the larger pipe were 0.1, 0.2, 0.4, 0.7, 1.0, 1.5, 
2.0, 2.75, and 3.5 ft. from the plane enlargement, and were alternated, 
that is, No. one side, No. the opposite side, ete. Taps were 
made drilling holes (care being taken drill into wood 
leave burrs inside) and then soldering over these holes pieces 
brass tube in. long (Fig. 2). Rubber tubing connected 
these the manifold and pressure columns. 
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manifold consisted twelve air-cocks screwed 
into piece brass tubing in. long. Five cocks were placed 
each side for the connections from the pressure taps the pipe, 
and one was put each end for the pressure column connections. 

Pressure Columns U-Tubes.—Connections were made for using 
either .two U-tubes, depending the magnitude pressure dif- 
ference. One tube, with arms about ft. long, partly filled with 
mercury, was used for large differences pressure. The other, having 
short arm, ft., and long arm, ft. length, was partly filled 
with carbon tetra chloride colored red with aniline dye. Both 
U-tubes were made entirely glass tubing, being found that 
the carbon tetra chloride acted the rubber, causing swell until 
the passage was closed. 


DIAGRAM 
PRESSURE CONNECTIONS 


order obtain good meniscus the surface carbon tetra 
chloride necessary the glass absolutely clean. This 
cleaning was done with saturated solution bichromate potash 
one part, sulphuric three parts and then diluting with six parts 
water. was found necessary flush all parts the U-tube with 
running water remove the cleaning solution thoroughly, otherwise 
bothersome scum was formed the surface the carbon tetra 
chloride. 

Bleeder cocks were placed the upper ends each arm the 
U-tubes, allow for the expulsion air from the tubes and connec- 


PLATE XLIV. 
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1.—QUIMBY SCREW 
HYDRAULIC LABORATORY, UNIVERSITY OF CALIFORNIA, 
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LABORATORY, UNIVERSITY 
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tions. The scales between the arms the U-tubes were graduated 
inches and tenths. 

Water was obtained for the experiments through 
horizontal 4-in. pipe about ft. long leading from the laboratory 
stand-pipe, which ft. diameter and ft. high (Plate XLIV, 
Fig. 2). The height water the stand-pipe was maintained with 
motor-driven Quimby screw pump (Plate XLIV, Fig. 1), the two cyl- 
inders working series, and drawing water from the main storage 
reservoir, which concrete tank, ft. square and ft. deep, located 
beneath the floor. Water kept varying heights overflows from the 
stand-pipe through any required gate the side thereof, such water 
returning the storage reservoir. 

Quantity Measurements—The water was taken from the throttle 
valve, the outlet end the large brass pipe, into pipe which 
led One arm the discharged into galvanized-iron tank 
platform scales, and the other discharged either into the main 
reservoir into calibrated measuring tank, depending which 
way the hinged piece pipe the end was swung. 

The tank the scales, with capacity about cu. ft., was 
used for measuring small quantities water. was emptied into 
the main reservoir quick-opening valve. 

Larger quantities were measured the calibrated concrete tank, 
ft. square and ft. deep, using hook-gauge. centimeter scale 
the hook-gauge was used for few readings, and scale 
for the remainder. This tank was also emptied into the main storage 
reservoir 4-in. motor-driven centrifugal pump. 

Preliminary Observed Data.—Due the fact that the iron flanges 
were driven the brass pipes, the end diameter was slightly de- 
some cases. The central diameter taken the diameter 
before the flanges were put place. All measurements were made with 
micrometer calipers. 


AVERAGE DIAMETER, INCHES. AVERAGE AREAS, SQUARE FEET. 


No. pipe. 
Inlet. Center. Outlet. Inlet. Center. Outlet. 
1.735 1.745 1.780 0.01641 0.01661 0.01681 
2.488 2.486 0.08895 
2.983 0.04855 0.04885 0.04885 
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Letting represent the outlet area the small pipe and the 
central area the large pipe, the following values were taken: 


Specific Gravity Determination Carbon Tetra 
specific gravity the carbon tetra chloride was found taking 
the ratio the length column water one arm U-tube 
the length column carbon tetra chloride the other arm which 
balanced it. 

The average value four determinations for all the experiments 
was 1.601, with the exception the 24-in. combination pipes, 
the specific gravity for which (average three determinations) 
was 1.570. 


These values were used computing the pressure change, 


follows: 


Let scale reading arm U-tube, where pressure 

Let scale reading arm U-tube connected tap where 
pressure p,. 

Then: 


greater than the column liquid length 


Therefore: 

all the determinations, the zero positions, U,, the liquid the 
columns were carefully noted where p,, when water was flow- 
ing. Then, most observations, only was read; and, nearly 
all computations, was taken being (U, U,). Under 
the circumstances, this was considered more accurate because there was 
perfect meniscus the arm, U,, while the surface the arm, 


was broken and irregular. Some readings were taken occasion- 
ally check. 
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Tables inclusive, show the values computed from 


readings and U,, and the relation between velocity and 


different points along the length the large pipe shown graphic- 


Miscellaneous Data and Constants.— 


Specific gravity mercury....... 13.58 
Density water......... per cu. ft. 
Measuring tank constants: 
gauge height........... 1.523 ft. 
Head stand-pipe above apparatus: 


AND TAKING OBSERVATIONS. 


The Quimby screw pump was started, and, when the water was 
overflowing the desired gate the stand-pipe, the maximum range 
U,, the scale reading the arm the U-tube connected the 
small pipe, was determined for maximum velocity and for some pres- 
sure tap the large pipe where was near maximum, say, Tap No. 
Then, was intended make observations for about ten different 
velocities for each combination, this range was divided into ten 
steps, and the velocity for each determination was regulated 
the gate-valve the outlet end the large pipe, that for each 
successive trial, and for pressure Tap No. the value would in- 
crease about one-tenth. 

When the velocity had been thus regulated, the initial position 
the surface the water the measuring tank was observed with 
hook-gauge. 

The hands watch were then set some even hour, and the 
instant when the second hand was the swing pipe was turned 


divert the water from flowing into the main reservoir and into 
the measuring tank. 


While the water was flowing into the measuring tank constant 
velocity, readings and were taken, when the various cocks 
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TABLE 
2.486 in.; 2.994 in. Area ratio 1.451. 

Velocity, 8.885 7.580 11.060 18.310 5.970 10.000 14.590 16.580 

No. 0.045 0.179 591 0.111 0.826 0.562 0.788 0.915 
increase No. 0.060 0.266 0.577 0.861 0.162 0.477 0.822 1.054 1.870 
No. 0.070 0.631 0.942 0.181 0.522 1.152 1.490 
pressure head, feet No. 0.072 0.801 0.648 0.967 0.187 0.585 0.916 1.174 1.520 
water various pressure No. 0.070 0.296 0.688 0.948 0.183 0.520 0.842 1.158 1.486 
No. 0.248 0.524 0.787 0.158 0.487 0.956 1.240 
TABLE 

10.840 12.580 14.850 16.000 17.880 18.610 20.080 21.050 
No. —0.044 —0.059 —0.084 —0.085 —0.100 —0.106 —0.104 
crease pres- No. 0.046 0.381 0.638 0.965 1.300 1.622 1.950 2.285 2.590 2.840 
sure head. No. 0.415 0.700 1,895 1.788 2.095 2.875 2.755 
feet water No. 0.418 0.696 1.082 1.891 2.080 2.865 2.745 8.020 
atvarioustaps, 0.049 0.402 0.680 1.010 1.854 1.690 2.085 2.820 2.690 2.980 
No. 0.621 0.928 1.858 2.120 2.470 2.740 
No.10 0.368 0.618 0.928 1,240 1.548 1.860 2.125 2.480 2.740 
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CHANGE PRESSURE CURVES 
Area Ratio= 1.451 


he 4 
“ 


Feet per Second 


CHANGE PRESSURE CURVES 
Area Ratio 2.077 


Feet per Second 


x 
a 
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CHANGE PRESSURE CURVES 


Area Ratio 


Feet per Second 


CHANGE PRESSURE CURVES 
Area Ratio 6.46 


Feet per Second 


q | 
| 
| 
3 
9 
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TABLE 
0.982 in.; 2.994 in. ratio 9.22. 


water various 0.081 0.218 0.520 0.678 1.130 1.740 1.110 1.780 2.110 2.920 
taps. No. 0.080 0.219 0.380 0.514 0.680 1.130 1.750 1.115 1.740 2.120 2.920 
No. 0.078 0.216 0.671 1.126 1.740 1.118 1.728 2.100 2.910 
0.076 0.215 0.512 0.670 1.118 1.710 2.080 2.900 


the manifold were turned connect pressure taps No. No. 
No. ete., successively. Then, the end even number 
minutes, the water was diverted back into the storage reservoir and the 
hook-gauge was set approximately right. 

The adjustments velocity for the next trial were then made while 
surface the water the measuring tank was coming rest. 
3efore this was done, however, the controlling gate-valve was entirely 
closed and the reading taken. the liquid the two columns 
did not come the same level, showed the presence air the 
pressure connections, and doubt was cast the accuracy the previous 
observations. The air was then expelled opening the bleeder cocks 
the tops the U-tube. The velocity was regulated before, the 
final tank gauge reading was taken, and the next observation continued 
before. Only two three times during the experiment did the 
two column arms fail balance because the presence air. 


CHANGE PRESSURE CURVES 
d,= 0.982" 2.994" 
Area Ratio= 9.32 


Feet per Second 


The mercury column was used but little, nearly all the readings 
were within the range allowed the long arm the carbon tetra 
chloride column, and because the readings the mercury column 
were subject the rubber tube leading the 
U-tube came from the top the manifold that would catch any 
air that might leak into the manifold tubes connected thereto. 


Friction AND CoMPUTATION Lost 


The experimentally determined value change pressure head 
includes the loss head due friction in. the smaller pipe 
and the length, the larger pipe, where the distance from 
the plane enlargement the point maximum pressure, p,. 
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correct for this, the friction slope for each pipe was computed for 
several velocities, and lines were plotted logarithmic paper show- 


ing the value the slope for any velocity any the pipes used. 
The formula adopted was 


v 
1.82 


feet, friction gradient per foot length; 
radius (=) feet for pipes. 


The value given Williams and Hazen for smooth brass 
pipes from 1.35 1.45; 1.40 was taken. 


This formula based experimental done Saph, 
For brass pipes they found: 

7%, where the head lost per 000 ft. and 


the diameter, feet. The accuracy the corrections indicated 


the fact that the experimentally determined hydraulic gradients 
(Fig. 10) become horizontal when thus corrected. 


Computation Lost Head.—Using the following notation: 


velocity water small pipe; 
velocity water large pipe; 
anda, respective cross-section areas, square feet; 
acceleration due gravity 32.2 ft. per second per 
second 
total friction head correction 
L.H. actual experimental lost head due sudden enlargement. 


Taken from and Hazen’s Hydraulic 
Transactions, Am. Soc. E., Vol. LI, 258. 
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Using this formula, the results are shown Tables 10, 


TABLE 
2.486 in.; 2.944 in. ratio 1.451. 


Trial ~ Vo Pr L.H. 
(from data). (from data). (from (computed). 
3.885 2.680 0.072 
5.220 0.301 0.098 
11.060 7.620 0.648 0.212 
18.310 9.180 0.967 0.280 
5.970 4.120 0.187 0.060 
10.000 6.900 
13.020 8.980 0.916 
14.590 10.060 1.174 0.330 
16.580 1.520 0.429 
TABLE 


from data). rom data). computed). 
8.00 8.842 0.4150 
10.34 4.970 0.700 
12.53 6.020 1.04 
6.900 1.895 
16.00 7.690 
8.36 2.095 
18.61 8.94 2.875 
20.08 9.63 2.755 
21. 10.12 8.08 
TABLE 
1.730 in.; 2.944 in. Area ratio 2.995. 

(from data). (from data). (computed). 
5.41 1.088 0.208 
7.52 2.510 0.351 
10.25 8.424 0.660 0.660 
12.96 4.38 1.090 1.083 
15.28 5.105 1.55 1.411 
17.12 5.72 1.94 
18,77 6.27 2.41 1.982 
21.12 8.05 2.635 


~ 
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TABLE 
0.982 in.; 2.495in. Area ratio 6.46. 
(from data). (from data). (computed). 
(from data). 
7,02 1.086 0.127 0.510 
21.38 8.81 1.640 4.420 
23.90 2.120 5.461 
24.58 2.210 5.816 
25.82 4.00 6.488 
28.97 4.48 8.20 8.006 
TABLE 10. 
0.982 in.; 2.994 in. Area ratio 9.32. 
(from data). (from data). (from data). (computed). 

6.919 0.744 0.0808 0.555 
10.87 0.219 1.209 
14.78 1.58 0.514 2.384 
Near duplicate other trial. 

2.98 2.12 7.854 
81.58 8.40 2.92 10.646 


DETERMINATION For Lost 
These values and lost head, Tables 10, inclusive, were 
plotted three times, independently, logarithmic cross-section paper. 
The plotted points determined lines which were not only straight 
but nearly parallel, which indicated that the lost head varied 
constant power the velocity. The value this exponent (n) which, 
course, was the tangent the angle inclination the parallel 
lines with the velocity axis, was 1.919, and was determined taking 


average the fifteen values obtained the three trials plotting 
five lines each. short, L.H. varied 


n 


L.H. 


HEAD DUE ENLARGEMENTS PIPES 381 

This relation was proven true plotting logarithmic cross- 

section paper the values lost head ordinates against the corres- 

ponding values for constant velocity. All the points 

lay very close line with slope 1.919. 

The production this line the axis, where was equal 
2 


unity, and thence such value that was unity, gave the value 
the constant, 
From such construction, 0.01705. Hence the relationship ap- 


pears 
1,919 

1,919 


Lh. 
— 2 


The value the ratio actual loss theoretical loss 
any velocity, v,, may shown logarithmic cross-section paper, for 
any desired ratio pipe areas, drawing lines with slope 0.081 
such positions that their intersections with lines actual lost head 
for the same area ratios occur velocities such values that the 


theoretical loss for corresponding area ratios unity. other words, 
determine the value make the theoretical loss unity for any 
desired area ratio, and then the value the actual loss that velocity 
point the line with slope 0.081, showing the value 
for that area ratio and for any velocity. Table shows the values 
for different area ratios and velocities. 
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GRADIENTS. 


Tables 16, inclusive, show the data from change pressure 
curves, Figs. inclusive, for hydraulic gradients, not corrected 


for friction, the values being feet water. Fig. shows 


set gradients plotted from Table 12. 


TABLE GRADIENTS. 


Combination No. 1.451. 


Tap NUMBER. 


TABLE 13.—HYDRAULIC GRADIENTS. 
a 
Combination No. 2.077. 
Tap 
TABLE 14.—HYDRAULIC GRADIENTS. 
Combination No. 2.995. 
Tap NUMBER. 


q 
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TABLE GRADIENTS. 


Combination No. 6.46. 


Tap NuMBER. 


—0.12 —0.157 —0.15 0.10 0.52 
TABLE 16.—HYDRAULIC GRADIENTS. 
Combination No. 9.32. 


Fig. shows set gradients for common velocity and dif- 
ferent area ratios. The friction effect has been corrected increas- 
ing the ordinates amount equal the computed friction drop 
from Tap the reference pressure tap. will noted that the 
maximum change pressure occurs when the area ratio about 
deduced the application the laws maxima and minima. 


was readily seen that this distance (call would undoubtedly 
depend the thickness (r, r,) the water between the stream from 
the smaller pipe, and the inside surface the large pipe, would 
vary some function (d, d,). 

For each the combinations tested the value was determined 
within limits from the gradients and from inspection the data. 
These limits were plotted paper with d,) 
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HYDRAULIC GRADIENTS 


REFERRED PRESSURE 
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inches abscissas. was found that straight line with slope 0.4 
would pass very nearly through the average values, which would in- 
From the line logarithmic paper seen that when (d, d,) 


where and are diameters, inches. 


TYPICAL HYDRAULIC GRADIENTS 


SHOWING CORRECTED FOR FRICTION 


4 


Axis Large Pipe 
10. 


CoNCLUSIONS. 


The formulas thus obtained are based data within the follow- 

ing limits: 

from 3.82 31.58 ft. per sec. 

from 0.07 11.44 ft. per sec. 

from 1.451 9.32. 

also worthy note that few reliable results were obtained with 
values less than ft. per sec. 

From the values seen that, within all ordinary limits 
values velocity and area ratios, the actual loss less than the 
theoretical loss. This, first, seems peculiar, but well known that 
velocity head may changed pressure head, with more less at- 
tendant loss, using diverging passage decrease the velocity 


gradually and cause little disturbance stream lines possible. 
practice, this accomplished diffusers made solid material. 
the present instance, such action occurs with the dead water 
the sides the stream entering with velocity, v,, having such diffusing 
effect. This explanation borne out the fact that the value 
decreases, the amount which the theoretical loss lessened in- 
the velocity increases, the relative “deadness” the 
side water increases. also decreases the area ratio increases, 
the quantity dead water increases. 

Mr. Gibson* deduces the same theoretical loss given 
herein, and substantiates with some experimental work had done. 
Such results seem agree closely with the theory, but, unfortunately, 
the maximum, p,, was taken too close the plane enlargement, 


resulting smaller value and hence larger lost head. 


used the value in., which, according the formula, 
1.45 (d, should have been 1.7 ft. 20.4 in. for maxi- 
mum p,, (d, The statement made that taking 
the value obtained point in. from the enlargement, the loss 
about 20% greater than the theoretical, which agrees closely with the 
results herewith presented, the actual loss decreases increases, 
other things being equal. Had been taken its maximum, losses 
from 20% less than theoretical, depending the velocity, would 
doubtless have been observed. probable that the values 
were taken about the point where the loss changes from greater 
than theoretical less than theoretical. 

Summary Results—The summary results follows: 

(1) Lost head due sudden enlargement L.H. 


with values given Table 11. 


Hydraulics and Its published 1908. 
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(2) Distance maximum from plane enlargement 
where and are diameters inches. 

The writer takes this opportunity thank all who helped bring 
this work completion. The experimental work was done under the 
general supervision Professor Conte, who gave many help- 
ful suggestions the computations well. Cory, Am. 
E., also gave much valuable advice connection with the co- 
ordination the results and their preparation for presentation. 
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COLORADO RIVER SIPHON. 


Yuma the Arizona side the Colorado River, short dis- 
tance below the mouth the Gila River and about miles north 
the Mexican boundary. The bottom lands both sides these two 
rivers, leveed for protection against overflow, together with some mesa 
land, form the irrigable land the Yuma Project the United States 
Reclamation Service. The water for irrigation taken from the 
Colorado Laguna Dam, diversion weir miles above Yuma. 
conduct the water the Yuma Valley and Mesa, which that por- 
tion the Project the Arizona side below Yuma, was necessary 
construct main canals to, and provide means crossing, either 
the Colorado the Gila. Both rivers have unstable beds, and are 
subject sudden floods, which scour out deep channels. Owing 
the relative elevations the water the canals and rivers, and the 
great variation between flood stage and low-water stage, crossing 
aqueduct over either river would have been impossible, and 
inverted siphon crossing was the only practicable one. reasons 
economy the construction both canal and crossing, the Colo- 
rado River siphon was selected. may seen the general map, 
Fig. the siphon near Yuma, and short distance below the 
Southern Pacific Railroad Bridge. The river this point flows be- 


papers are issued before the date set for presentation and discus- 
sion. Correspondence invited from those who cannot present the meeting, 
and may sent mail the Secretary. Discussion, either oral written, will 
published subsequent number Proceedings, and, when finally closed, the 
papers, with discussion full, will published Transactions. 
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tween high banks which restrict its meandering tendencies and permit 
shorter tunnel than would possible other points. 

The variation between extreme flood and low-water surface eleva- 
tions has been great ft. This, however, does not represent 
the variation cross-section; has been said that for every foot the 
river rises scours out its bed ft., and the cross-sections Fig. 
illustrate the approximate truth the statement. The deepest scour 
within recent years shown; this section was taken the river 
gauging station 600 ft. below the line the tunnel, the width the 
river being the same both points. the periodic high-flood 
years the scour always approximately the same. the intermediate 
low-flood years the 30-ft. silt blanket dropped the falling river 
the preceding years only partly removed. 

Borings taken the line the tunnel indicated bed soft 
sandstone underlying the silt. was thought that, working 
sufficient depth, open tunneling could carried without great 
interference from seepage water. Therefore, preparations were made 
for sinking shafts each side the river with the intention 
following this method construction. 

Before describing the construction detail, few words may 
said the general dimensions the work. The California shaft 
130 ft. from the center the levee, and 250 ft. from the Southern 
Railroad. The Arizona shaft high ground, 200 ft. from 
the river, and 955 ft. from the California shaft. The canals conduct- 
ing the water and from the shafts have bottom width ft., 
water depth ft., and carrying 1400 sec-ft., full capacity, 
which for the irrigation about 100000 acres. The 
siphon was designed operate full capacity with loss head 
ft. When operating less than full capacity the same loss 
head obtained throttling the flow the intake; thus the water 
surface the intake and outlet are maintained uniformly Eleva- 
tions 132 and 130, respectively. The inside diameter the California 
shaft ft., and that the Arizona shaft ft. The elevation 
the tunnel flow line the shafts and the middle 
the river. 

The assumed maximum conditions loading which the tunnel 
subjected are, (a) tunnel empty, with pressure the outside only, 
due hydrostatic head ft., high stage the river, and (b) 
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system operation, low stage the river, with pressure the 
inside due hydrostatic head ft., partly balanced head 
the outside ft. Under these conditions, both the tensile and 
compressive stresses the 2-ft. thick tunnel lining are very low. The 
many uncertainties the actual loading from the material through 
which the tunnel passes, and the desirability fairly water-tight 
job, fully justify the thickness the tunnel walls constructed. 
The stresses the completed shafts due the static loads would 
considerably less than those the tunnel, the lining both 
shafts ft. thick and further reinforced the bottom the 
quarter-turn lining. The most severe conditions which the shafts 
were subjected were those due the method construction, which 
was sink them open caissons. these would largely matter 
conjecture, there would small profit attempting compute 
stresses. Important determining factors fixing the thickness 
the lining were the probable skin friction and the weight required 
sink the caisson. guide determining the thickness necessary 
resist the stresses during the sinking and furnish weight overcome 
the skin friction and give water-tight shaft, comparison was made with 
number like structures built under similar conditions. These 
the skin friction overcome sinking them, from 300 700 lb. per 
sq. ft. The thickness was fixed ft., with reinforcement, ex- 
cept small number short rods used bond adjoining sections. 


Arizona 


The cutting edge consisted cylindrical skin plate in. thick and 
ft. wide, bent circumference ft. diameter. rein- 
forced near the bottom edge 10-in., channel with its web 
riveted the inside the plate. the top flange the channel 
riveted horizontal 144 shoe plate, stiffened its inner 
points the vertical plate and angle brackets. The 
outside the shaft concrete flush with the outside the cir- 
cumferential plate. the inside, the concrete batters from the 
shoe plate diameter ft. point ft. above the cutting 
edge, giving thickness concrete ft. this point. The inside 
face vertical for ft. above this, and then steps out the normal 
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inside diameter the shaft, which ft. The rivet heads the 
outside the cutting edge skin plate were countersunk, order 
reduce the friction. 

preparing sink the shaft, pit, some ft. diameter and 
ft. deep, was excavated, using teams and scrapers. The bottom was 
leveled and the cutting edge assembled and placed. Wooden forms 
were constructed for the lower ft. the shaft, and the concrete 
was placed. The steel forms, which were used throughout the shaft 
construction, were then set place. 

support the forms, 
twelve 16-in. timbers, 
ft. long, were set 


32'Timber 


radial lines projecting 

cantilevers over the shaft 

walls, the outer ends be- 


the ground. Bolts passing 
through these timbers car- 
ried the forms. may 
seen the section, Fig. 
the inside the shaft was 
thus left open, that ex- 
could carried 


other work. passage was 
the shaft give access 
the outside form. Steel Cutting 

The forme were built 


with plate, 


ft. high, stiffened top and bottom circular ribs built-up 
channels with horizontal web. The segments were connected 
that, when they were assembled and place, the circumference 
the whole could increased decreased turnbuckles. Thus, 
when the concrete had been built up, previously described, the in- 
side and outside forms were fitted the completed concrete, with 
vertical lap about in., and were plumbed, and clamped place 


7 
7 
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tightening the turnbuckles. braces, ties, spreaders, other 
means support were required. When the forms had been filled with 
concrete, the hanger-bolts were released; excavation proceeded through 
the open space the center the shaft, and, the caisson sank, the 
forms traveled with it. preparing for new lift concrete, the 
turnbuckles were released, the forms were pried from the face the 
concrete, raised their original level with the derrick tackles 
supported from the cantilever timbers, and reset before. this 
way shaft wall uniform thickness and very smooth surface was 
obtained. 

yd. Smith mixer, operated steam, was used. Sand 
and stone were fed the mixer from two-pocket bin, having capac- 
ity cu. yd., and were discharged into the measuring hopper. The 
bin was replenished from the stock piles directly back it, 
derrick with grab-bucket. This could done times when the 
derrick was not needed for other work. The concrete was mixed 
the proportions Iola and Riverside Portland cement being 
used. The concrete was chuted from the mixer directly into the forms, 
several movable chutes different lengths being used. 

The excavation was carried hand, with pick and shovel, 
the spoil being removed the derrick with 1-cu. yd. bucket. The 
core was removed, the cutting edge undermined, and the shaft allowed 
sink, the being built the surface lifts 
the work progressed. 

Elevation 120 ground-water was encountered, first small 
quantities, but rapidly increasing with the depth below this plane. 
Pumps were put place keep the pit dry, and hand excavation was 
continued further depth about ft. the excess hy- 
head the outside the shaft was sufficient cause sud- 
den inrushes water and sand under the cutting edge, and was 
found necessary change the method excavation. The core was 
now removed clam-shells depth from ft. below the 
edge. Divers then drilled holes the supporting ring under 
the cutting edge and placed small charges dynamite. These, when 
fired, caused the shaft sink varying distances. 

When the cutting edge had penetrated some distance into the 
bed soft sandstone indicated the borings, attempts were made 
seal the shaft the undisturbed hard material sinking pipes from 
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the surface outside the caisson walls and forcing grout through 
them into the running sand. was thought that impregnating with 
grout the soft ground surrounding and for some distance above the tun- 
nel opening, the flow water might sufficiently cut off permit 
open tunneling into unfissured, less pervious ground. After the grout- 
ing was complete concrete plug was placed the bottom the shaft 
under water, and the water was pumped out. Preparations were made 
for tunneling operations. Cage guides and gallows frame were con- 
structed and hoisting machinery was erected. open crib was built 
top the shaft, and working floor laid. Tracks were laid from 
the mixer the shaft and from the shaft the spoil bank. While 
work was under way cutting through the shaft walls for tunnel 
opening, other “blows” water and sand occurred, and the last 
these the work was flooded. Further efforts open tunneling were 
then abandoned, being evident that the grout had not efficiently 
consolidated the material surrounding the shaft, and that the soft 
and porous nature the ground and the high head water would 
make necessary work under compressed air. 

The foregoing method consolidating running sand foundation 
and similar work has been described successful several engineer- 
ing writings. The outcome this case showed conditions similar 
those found the construction the New York tunnels the 
Pennsylvania Railroad. The following quoted from discussion 
the late Harrison, Am. E.* 


“Grout was used extensively the face effort consolidate 
the material. digging out the sand into which the grout had been 
injected under pressure, was found collected masses and not 
generally distributed; this was true whether the sand contained 
large small percentage voids. The interstices between the grains 
sand were too small permit the free flow grout into them; 
however, grouting the face did compact the material some 
extent and reduce the flow air through it.” 


Francis Sellew, Am. E., says:+ 


the writer’s judgment, impracticable consolidate 
fine sand the injection grout that the resulting material will 
serve any useful purpose. While sufficient pressure may used 
cause penetration, the fluid will move such low velocities that the 
grout will set before any appreciable distance has been traveled. 


Transactions, Am. Soc. E., Vol. LXIX, 400. 
Colorado River Engineering News, August 29th, 1912, 
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believed that success attained this method will confined 
coarse materials,” 


SHAFT. 

The work the California shaft will not detail, 
the methods and results were similar those the Arizona shaft, 
except the dimensions the shaft, which have been mentioned 
elsewhere. The ground through which the shaft passes somewhat 
more varied character, may seen reference Fig. The 
final grade, originally contemplated, was somewhat lower than 
the Arizona side, but the difficulties construction were such that 
the final elevation the cutting edge was fixed and the 
bottom the shaft was sealed that elevation. 


Work 


When became evident that, owing the shattered and porous 
condition the material surrounding the shaft, open tunnel methods 
were out the question, Consulting Board, consisting Louis 
Hill, Am. E., Supervising Engineer; Francis Sellew, 
Am. E., Project Engineer, the United States Reclama- 
tion Service; and Silas Woodard, Am. Soc. E., formerly 
Division Engineer the East River Tunnels the Pennsylvania 
Railroad. This Board made investigation the existing conditions, 
and advised change method tunneling the pneumatic process, 
the work carried from the Arizona shaft only. 

compressor plant was rented from Charles Haskin and Com- 
pany, Tunnel Contractors. Owing the impossibility securing 
suitable labor, skilled such work, that part the country, ex- 
perienced “sand-hogs” were brought from the East, form nucleus 
trained compressed-air tunnel men. Hayden, Assoc. 
Am. Soe. E., was Superintendent Construction the work 
from this time until the successful completion the tunnel. The 
rented equipment was follows: Three Ingersoll compressors: 
30-in., 244 24-in., and 24-in; vertical and horizontal air locks 
and equipment, medical lock, air receivers and coolers, and the 4-ft. 
steel shafting used above the air deck. 

The rated capacity the compressor plant was 4000 cu. ft. 
free air per minute compressed The maximum consumption 
for hours averaged 2000 cu. ft. per min., about 55% the 
rated capacity. The maximum recorded consumption for time 


PLATE XLV. 
PAPERS, AM. SOC, 
MARCH, 
SCHOBINGER 
COLORADO RIVER 


4 


Fic. EULKHEAD, EXCAVATING HEADING. 


2.—VIEW TUNNEL. 


4 7 
3 Ar 


COLORADO RIVER SIPHON 397 


was 2200 cu. ft. per min. The compressor plant was thus never 
seriously taxed for long period. The average consumption during 
the tunneling operations was 1450 cu. ft. free air per minute, 


pressure lb. per sq. in. 
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\ | it 
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addition the foregoing compressor equipment there was al- 
ready installed 14-in. Ingersoll-Rand high-pressure machine, 
with capacity 200 cu. ft. per min. 100 This had been 
used during grouting operations the Arizona shaft, and, during the 
further prosecution the work, was used for operating drills and the 
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concrete lock, and also emergency equipment times when the 
consumption air was great, when was not advisable fill 
the air lock withdrawing air from the heading. 

Aside from the rented equipment, that which was already the 
job was used. The steam plant consisted five oil-burning, horizontal, 
tubular varying sizes, some which had been used pre- 
viously for the operation mixers, hoists, derricks, and others 
which were available other parts the Project and were later 
installed when found necessary. The total rated capacity the 
plant was about 475 boiler horse-power. This served for operating 
the compressors and all other machinery, and for heating the change 
and locker rooms. The fuel oil was stored one concrete and one 
wooden tank 720 bbl. total capacity, which had gravity feed the 
steam plant, and were replenished pumping directly from oil cars 
side track the Southern Railroad. The derrick, which 
had been use for excavation and installation work, and for re- 
plenishing the sand-and-stone hopper, was left place, and was 
used later for handling the material for the outlet structure and for 
dismantling the plant. was 20-h.p., 20-in. American Hoist 
and Derrick Company derrick. For handling the muck and concrete, 
yd. steel end dump cars were used. These were 24-in. gauge, 
in. wide, in. high above the rail, and were manufactured 
the Coast Manufacturing Company and the Arthur Koppel 
Company. 

general, the preliminary installation was follows: tim- 
ber air deck was built mid-height the shaft. From this 4-ft. 
steel shaft led the vertical air lock the surface. Material and 
men were carried cylindrical, 8-cu. ft., buckets. The air deck 
was built twelve layers 12-in. yellow pine planks nailed 
with 40-d. nails, alternate layers running right angles. recess, 
in. deep and in. high, the inside the shaft, 
provided bearings for the deck against upward and downward pressure. 
The deck was braced near the center both directions four 
12-in. timbers 45°, the ends bearing recesses cut the shaft 
walls. 4-ft. hole was left, and the bottom cylinder was 
fastened with bolts passing through its flanges and the air deck. Other 
holes were left for pipes for air supply, electric light, and telephone 
wires. 


Papers. 
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From the deck the surface was ft. sections 4-ft. 
cylindrical steel shaft were used. These were made steel 
plate with lap-riveted joints and angle flanges the 
top and bottom. Gaskets were used between which were 
bolted together through the flanges. 

The vertical air lock was 6-ft. cylindrical drum ft. high, with 
plate doors the top and bottom. The ends the 
drum were plate, dished and double-riveted the side plate, 
which was in. thick. The 8-cu. ft. buckets cleared the opening 
about in. all around. The cable for hoisting the buckets through 
the steel shaft passed through gland the top the lock; was 
especially compact texture and smooth surface, thus reducing the 
leakage air minimum. The capacity the lock was about five 
buckets, ten men, with the lock-tender. 

water seal was placed above the air deck, completely filling the 
shaft Elevation 129. The top the air deck was Elevation 85. 
The actual maximum loads which the air deck was required carry 
were (a) pressure per sq. in. the lower side the deck, 
with water seal the upper side, and (b) the weight 
the water seal with pressure the lower side. The first 
condition gave total net uplift the deck about 500 tons, which 
was transmitted the shaft the bracing timbers, and the deck 
its edge. The second condition gave total unbalanced downward 
pressure about 700 tons. the deck was designed for somewhat 
more severe conditions, the actual stresses were low, and the timber 
gave but slight evidence “working” while under full load. The 
under side the deck was made air-tight and fire-proof with sheet 
asbestos tacked and plastered over with clay-grout. 

The boiler and compressor installation and the remainder the 
above-ground construction plant were completed during this period. 
The hoist, mixer, derrick, and change room had been used the 
previous work. Two units were added the boiler plant, and the 
compressor plant and medical lock were set up. 

During the construction the air deck, the water level the 
shaft had been kept down pumps about Elevation 80. The air 
pressure was now raised and the water blown and pumped out. The 
relation between the river water surface and that the shaft, with 
the air pressure, showed that the soft and porous material surrounding 
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and underlying the shaft offered small resistance the transmission 
hydrostatic pressure. When the water level had been lowered 42, 
the pressure was lb. per sq. in. that time the river water sur- 
face was about 122. Elevation was set the bottom elevation 
the concrete plug. Allowing for the thickness the plug, and the 
sump, this brought the elevation the flow line the tunnel 49. 
The following considerations influenced the fixing this grade: 

First, the tunnel constructed from this elevation would have 
minimum cover high stage the river about ft., which was 
considered sufficient for safety construction this material. 
matter history, the tunnel did not reach the deepest point the 
river until after the flood period, and the cover that time was more 
than ft. 

Second, there was assurance that the ground would more 
favorable lower down. 

Third, the difficulties, slowness, and expense construction in- 
crease greatly with higher pressures. 

The plug the bottom the shaft was designed circular rein- 
forced concrete diaphragm, supported the edge, resist the maxi- 
mum hydrostatic pressure, which highest stage the river would 
about per sq. in. seemed probable that the diaphragm 
would receive its full load while the concrete was still comparatively 
new. order make possible relieve the pressure somewhat, 
ten pipes were set, pass through the plug; the lower ends were 
nested crushed rock insure free opening, and the upper ends 
were furnished with globe valves. 

provide support the shaft walls for the edge the plug, 
circumferential recess the full height was cut, and the concrete 
was roughened depth varying from in. the top in. the 
bottom. Any reinforcement encountered was cut and bent out aid 
bonding. The reinforcing steel for the plug consisted 3-in. 
and 1-in. square twisted rods, and old 15-lb. industrial rail. was 
lowered into the shaft through improvised pipe-lock. 4-in. pipe 
was used, with gate-valve the top and board flap-valve the 
bottom. The bottom being capped, the steel was lowered from the top 
until its end rested the board-valve. The top was then closed 
and the pressure equalized; the rods were dropped through and 
platform, and were then set place. this way steel was lowered 
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fast could set. Concrete was lowered buckets through the 
4-ft. steel shaft from the vertical air lock the surface, and also 
through small material lock. This consisted hopper closed the 
bottom 4-in. quick-opening gate-valve, and the top flat 
circular plate, ft. diameter, clamped down hand-wheel screw. 
the top the hopper there were: pipe connecting with the com- 
pressor, discharge valve, and gauge. The capacity was about 
cu. ft. The concrete was placed the hopper, the top was clamped on, 
and the pressure was raised until slightly exceeded that the shaft. 
The lower gate-valve was then opened, and the concrete dropped through 
directly the bottom the shaft. Two men the bottom shoveled 
the concrete away and handled the emergency board-stop the end 
the pipe. The operation this lock proved unsatisfactory when there 
were bends the pipes, and was not used for tunnel concreting. 

When the plug was completed, tunnel work was started. The 
shaft wall was cut out the upper half the tunnel, and was 
trimmed, roughened, and keyed provide good bond with the 
first tunnel arch section. The ground immediately surrounding the 
shaft for distance about ft. was found very bad; had 
been shattered and softened the shooting during the sinking 
the caisson, and was saturated with water, practically the consistency 
quicksand. places small “boulders” formed the grout washed 
from below were found. Where the grout pipes had been with- 
drawn, the material was consolidated not more than in. outside 
the original location the pipe. 

The heading was carried out 6-ft. high segment the cir- 
cular tunnel. support the roof and sides, 36-in. steel plates, 
shown Fig. were used. These were made steel plate, 
angle-irons; the outstanding flanges were punched with holes 
spaced that alternate rings could staggered and bolted together 
with bolts. The breast was boarded and clayed tight. The ground 
was cut out the circumference the size one plate, and the plate 
set and bolted. The space between the plate and the roof was filled 
with clay. this way ring was completed from the crown about 
ft. above the springing line each side. Trench braces were set 
radially every second third ring. The breast was then cut down 
level with the bench breast-boards, reset, and clayed, and the process 
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repeated. The joints between plates and between rings plates were 
clayed over and mud-washed intervals. Empty sacks and clay 
sacks were used for “blows.” 
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been made, the heading, roof, and breast were tightened, the pressure 
was raised from and side trenches were cut the springing 
line. Wall-plates were set line and grade, steel forms set, and the 
lining was placed. The forms were 6-in. channels bent 
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radius ft. in., the 6-in. dimension being radial; they were 
three sections for the semicircle, and fastened with 3-in. bolts. 
The lagging was 6-in. surfaced lumber, ft. long. The longi- 
tudinal joint the springing line battered from face to. back such 
way facilitate grouting and caulking the joint the comple- 
the invert concrete. 


HORIZONTAL AIR LOCK 
DETAILS 


Air Lock 


Telephone and 
t Wires 


Fig. shows section the heading completely excavated, with the 
forms and lagging set, ready for the concrete. The concrete was 
dumped from the buckets into barrows, wheeled the heading, and 
shoveled into the forms. this way the top heading was constructed 
for ft. The pressure was all times practically equal 
the hydrostatic head. The bench was then excavated sections 
from ft. For this the pressure required was from lb. 
higher than for the heading. Sections bench lapped with sections 
heading, that there was joint the entire tunnel one plane. 
The arch concrete carried itself about 10-ft. span longitudinally, 
during the concreting section invert. excavating the bot- 
tom, was seldom necessary brace the sides, immediately 


at 
Shaft 
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under the arch concrete. Here 16-ft. trench braces were set across the 
full width. The sand was kept plastered with clay within few 
feet the bottom. When the excavation was completed, profile bulk- 
heads were set the end, line and grade, and the bottom was filled 
with concrete level with the tops the profiles. the concrete 
there was then laid 12-ft. lagging, one end lying the finished work 
the previous section and the other the profile; then the semi- 
circular steel arch ribs, reversed, were set the lagging and wedged 
and braced line. This being done, the concrete and the lagging 
were carried together the joint with the completed arch. The 
joint was then grouted under small head. 

the completion the first ft. tunnel, bulkhead, ft. 
thick, was built brick laid cement mortar, closing the heading. 
was supported near the middle four 12-in. diagonal struts 
bearing the tunnel walls. After allowing the mortar few days 
set, the pressure was lowered about lb. and open joints 
the tunnel concrete were marked, the pressure was raised, and the 
joints were cut out and caulked with cement mortar. After suitable 
interval, the pressure was lowered atmospheric, and preparations 
were made for putting the horizontal air lock. All leaks the shaft 
had also been thoroughly caulked, and there was now practically 
leakage. The water seal the shaft was pumped out, the steel shaft, 
vertical lock, and air deck were removed, and hoist cages were placed. 

The tunnel air lock was 6-ft. cylinder, ft. in. long. was 
iron plate with double-riveted, butt splices; the door-frames 
were built 12-in. channels and and the doors were 
plate, reinforced with five 5-in. channels. the outside near 
the pressure end there was collar, made two 3-in. angles, pro- 
vide bearing against and bond with the lock bulkhead. The air pipes 
and valves were hung with stirrups from the top the lock. The 
filling discharge the lock could regulated from either end, 
there being double set 2-in. supply and discharge valves. The 
the lock was five yd. cars. 

The bulkhead was plain concrete, ft. thick, with two 
sets diagonal braces against the tunnel walls. Bearing the cir- 
cumference was provided 3-in. recess which had been left the 
concrete lining this section. Pipes for air supply, telephone and 
electric light wires, and drainage were concreted in. 
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When this work had been completed (October 20th, 1911), the 
pressure was again raised and the temporary brick bulkhead was cut 
out. The method advancing the heading has already been out- 
lined, and general this method was adhered throughout the con- 
struction. Sandbag and clay bulkheads were placed the lower 
half the the end the completed work during the ad- 
vance the heading, the pressure usually varying from lb. 
the heading and bench excavation. Grouting pipes with valves were 
placed the crown the end each 12-ft. section. The pressure 
was all times within few pounds the hydrostatic head, the 
lower average pressure during the winter reflecting the lower stage 
the river. 

The heading was always kept tight plastering with clay, and 
there were serious blows long duration. While the air chamber 
the tunnel was small, the air lock was filled direct connection 
with the auxiliary compressor, avoid variations pressure caused 
locking directly from the heading. 

Fig. shows the geological formation through which the siphon 
passed. has already been stated, the material surrounding the 
shaft softened during the sinking the caisson. Within ft. 
became somewhat harder, but was very porous, and crumbled into 
loose sand when excavated. pocket loose gravel the lower 
portion the top heading ran from Stations this sec- 
tion was necessary carry the tunnel plates poling boards 
the springing line, and brace the side trenches against the bench 
thoroughly. excavating the bench, the upper portion the sides 
was planked, and long trench braces were placed horizontally across 
the tunnel about every ft. From Stations pocket large 
boulders, with pea gravel between, interfered somewhat with progress. 
The gravel, once started, ran like small shot, and work progressed 
slowly, owing the danger slump the roof or: breast. 
lense exceedingly hard and thoroughly cemented gravel, pudding- 
stone, was encountered between Stations and The last 300 ft. 
brought light various pockets, large and small, boulders, clay, 
gravel, and quicksand. Both experienced prospectors and amateur 
miners were disappointed not finding gold-bearing gravel under 
the Colorado, although incipient boom was started salting 
ear muck with brass filings. 
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From Station the California shaft the material was some- 
what more favorable, and progress was steady. April 12th galvan- 
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were then cleaned out, and the rough places the invert finished off. 
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The pressure was dropped and all leaks, cracks, and porous 
spots were marked; then the pressure was raised and 
the leaks were caulked. The tunnel was then opened for inspection. 
The leaks remaining were insignificant, and the work all appeared 
good condition. The lock bulkhead, lock, and cage guides were re- 
moved, and the quarter turn the bottom the Arizona shaft, 
described elsewhere, was constructed. 

From the time the installation the horizontal lock time 
completion the tunnel, the average progress was ft. per day. 
The best monthly progress was 165 ft., favorable ground, during 
January, 1912. The slowest progress was during February, gravel, 
boulders, and sand; this month length 100 ft. tunnel was 
completed. 

ALIGNMENT. 


The elevation the flow-line the shafts 49. For 100 ft. 
from each shaft the grade down, and between these points the 
bottom level. The line straight between shafts. 

the surface parallel offset line was run, there being obstruc- 
tions the direct line. After pumping out the Arizona shaft, and 
previous the construction the air deck, the surface line was 
plumbed down and plugs were set the shaft walls. After the installa- 
tion the horizontal air lock, the surface line was brought down and 
carried through the lock four times, eliminate errors. The de- 
tailed operation was follows: 

The transitman, setting the surface line, directed the plac- 
ing two 3-in. wrought-iron staples, each side the shaft, 
the line falling within the cross-bar each staple. These were driven 
into the solid crib timbers inclined over the shaft, such angle 
that the plumb line, hanging over them, would clear all obstructions 
below. The line was marked the bar with file, and the steel 
wire plumb lines, carrying 20-lb. plumb-bobs, were placed the file 
marks. The transitman, moving the only slightly, not 
all, vertical direction, could then observe both wires directly 
below the points support, sighting between the legs and over the 
top the nearer staple. The plumb-bobs were hung pails water. 
The length the base line thus obtained was ft. in. 

timber was placed across the tunnel end the air 
lock, and securely wedged and braced. The transit, small trivet, 
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was set this timber and lined sighting the plumb wires, 
paper and candle being used for illumination. scratch was 
made line the far end the lock, above the door. second 
transitman stayed the shaft observe the lock for motion due 
jarring working while the pressure was raised. The first transit- 
man then locked through, checked his setting the mark over the 
lock door, plunged his transit and took readings two scales fixed 
the tunnel roof and 100 ft. from the lock. Without lifting the 
transit, the operator again locked out and checked the position 
the plumb wires the shaft. the check was unsatisfactory, the line 
was again locked through and back. The transit was once more set 
the surface and the position the wires was checked back the 
original line, thus completing the circuit. While the alignment work 
was being done, one the was out commission, the plumb 
lines the one cage well. The work was done when 
all material could easily handled with one cage. 

The level-work differed way from surface leveling, point 
the lock being used turning point. each setting the forms, 
grade nail was set the breast. 

carrying forward the line the work the tunnel progressed, 
two 2-in. wrought-iron staples were driven into the roof the end 
every .60-ft. section, line and about ft. apart. The exact line 
was marked with file the cross-bar each staple, and plumb 
line was hung the file mark. The work setting the forms preced- 
ing each run concrete was done with rule, string, plumb-bob, 
and carpenter’s level. 

The string was stretched the breast, tangent plumb-lines hung 
the file marks, and nails were set the breast and the end 
the completed work. Between these was stretched line, from which 
the foreman afterward could check the setting. Measuring from this 
line, the wall-plates were set the side trenches, exactly line, and 
approximately grade. The first form was brought in, bolted up, 
and set nearest the breast, the ends, which were the horizontal 
diameter, being braced securely line, given the wall-plates 
which they rested. The grade was then checked from the nail the 
breast, and the rib was shimmed the proper level. The interme- 
diate ribs were then set and quickly aligned between the pilot form 
and the completed concrete. The cross-section was then measured 
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up, and what slight trimming and shaping remained was done 
short The concrete the preceding section was cleaned 
and roughened, and the new run started. 

The setting the forms for the invert was somewhat simpler. 
was constructed, made three thicknesses 
planks, the radii the upper and lower edges the profile 
corresponding the inner and outward radii the concrete lining. 
was cut radial lines into interchangeable sections ft. long, 
the edges being bound with iron and carefully trued. When the ex- 
10-ft. length invert was complete, the profile was set 
the end the section, the line and grade being measured 
from the completed concrete the arch. The bulkhead was secured 
the concrete face iron pins driven into the ground, and was 
wedged and braced against the bench. has been previously out- 
lined, the bottom was filled with concrete; 12-ft. lagging was then 
laid the concrete, one end resting the completed work and the 
other end the profile. The arch ribs, reversed, were set the 
lagging, and against uplift wedges and cross-brace. The 
lagging and the concrete were then carried together. The same set 
profiles was used throughout the work. was impossible check 
the line and grade the California shaft until the tunnel lining was 
complete and sealed the shaft. The differences, however, were 
inappreciable, and the adjustment was made the thickness 

Doctors Henri ApJohn and Tower were medical examiners 
for the Reclamation Service. certificate signed the examiners 
was required before man was employed tunnel work. 

The proportion green men was necessarily very high, there 
has been compressed air work any magnitude the region 
supplying Yuma with labor. About twenty seasoned men, including 
the foremen, were brought from the East, and group remained 
throughout the work. The remainder the force shifted 
was composed largely Mexicans and “floaters” who came spend 
the winter Yuma. The conditions, therefore, were unfavorable, 
far the physical make-up and the seasoning the laborers were 
concerned. 


the the pressure rose above was found 
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necessary cut down the time spent under compressed air, that 
the gangs worked total hours the heading during 8-hour 
shift. The larger number cases “bends” the start, under 
conditions apparently favorable air supply, was undoubtedly due 
the fact that the highest pressures, averaging more than came 
time when the majority the force was composed green men. 
However, with the short shifts, there were fatal cases. Later, 
although the pressure was times low lb., the same hours were 
adhered to, being impracticable vary the schedules with the vary- 
ing pressures. 

The time locking out was fixed from min., the rate 
decompression being made constant. This rule was rarely violated, 
except the lock tenders, who were and out very short in- 
tervals, and whose tissues were never “saturated” air under pressure. 
medical lock, similar those used the East River Tunnels, was 
used for recompression and treatment cases “bends.” 

The total number different men employed compressed air 
work, from start finish, was about 1300. All these men had 
time pass the medical examination. Some who 
first, but who were very susceptible, were eliminated later. How- 
ever, those cases which the symptoms were merely pains the 
extremities, which were relieved recompression local treat- 
ment, the men were liberty return work their pleasure. 
the work was done small town, and the men lived the 
Government bunk-house the other rooming houses close hand, 
there were probably serious cases which escaped the notice the 
physicians. The records show the following cases treated: 


(1) Cases causing disability for few hours....... 299 

(2) Cases causing disability from one three days. 

(3) Cases partial paralysis, including bladder and 
lower extremities, causing disability for few 


(4) Cases total paralysis, resulting death 


Those Groups (1) and (2) were largely cases pains the 
arms legs, with few cases vertigo. were numerous 
the start; the most susceptible men, having suffered once, were usually 
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willing leave the work after the experience; these cases, therefore, 
became less account the work progressed. cases Group 
were not traceable extraordinary conditions the work the 
time their occurrence. They were scattered, and did not coincide 
with any noticeable increase the other cases, and must laid 
unknown factors the condition the men the time. The 
one death was seasoned man, who had passed the medical test 
and had worked for some time. His attack paralysis followed 
prolonged period dissipation which left him poor health and 
unable withstand conditions which might otherwise have 
weathered successfully. The record only one death the large 
number men employed, and that not directly chargeable condi- 
tions the work, job which lasted for months, fairly sat- 
isfactory, compared with other records. 

The experience the Colorado Siphon probably adds nothing new 
what known the contributing causes and the treament 
caisson disease. These have been fully discussed recent papers 
presented the Society published engineering journals. 


STRUCTURE. 


The condition the California shaft ‘the commencement 
pneumatic work has already been described. The remaining 
done that side the river was, first, the construction plug, 
same elevation the other side; second, arrangements for 
making the junction from the tunnel end and cutting through the 
shaft wall without loss pressure; and, third, the construction 
intake structure. 

The plug requires only brief mention. was reinforced con- 
ft. thick, and ft. diameter; and was bonded and keyed 
the shaft wall, the Arizona side. 

Above this there was constructed quarter turn the shaft, 
change the direction flow the water from vertical horizontal. 
This was concrete, and built center line radius ft. 
Above the quarter turn there was reducer, ft. long, from the shaft 

The tunnel opening into the shaft was between Elevations 
and 63. vertical timber bulkhead, two thicknesses 
12-in. timbers, bolted and keyed together, was built across the proposed 
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opening. The ends the timbers were recessed into the concrete, and 
flooring and roofing 12-in. timbers placed. The space was 
filled with adobe. this way, when the tunnel was cut through, 
would open into compartment entirely separated from the main 
shaft pressure-tight bulkhead, and strong, water-tight joint 
could made. The shaft outside the bulkhead was filled with 
sand and water Elevation 120. 

During the construction the tunnel the work the intake 
structure was completed. This, together with the main check and 
wasteway, described later, controls the flow water through 
the upper portion the main canal Yuma Valley. may seen 


BULKHEAD CALIFORNIA SHAFT 


SECTION CENTER LINE ELEVATION 


referring the plan, Plate XLVI, consists covered concrete 
basin surrounding the shaft, and cylindrical gate and operating ma- 
chinery which the basin may cut off from the shaft. 
somewhat original design, more detailed description may 

The main canal this point trapezoidal section, having 
bottom width ft. and water depth ft. Warped retaining 
walls reduce this rectangular section ft. wide and ft. deep. 
From line ft. front the center line the shaft, these walls, 
ft. high, swing in, and around the shaft curves ft. radius, 
compounded with curves ft. radius. the rear the shaft, 
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where these walls meet, and points 120° from it, are constructed 
three piers, enclosing the guides for the cylinder gate. The floor 
ft. thick, with the top Elevation 125, which also 
the elevation the canal bottom. The flow water directly down 
into the shaft, there being obstruction except the guide piers. The 
whole basin roofed over with reinforced concrete girder floor, 
which level with the top the canal banks. this floor 
built the operating tower, into which the gate drawn when 
the siphon operation, and which carries the operating machinery. 

The gate has been described “bottomless tin set over 
the top the shaft; ft. high and ft. diameter. When 
down the sill, its top ft. above the normal water level 
the canal. The skin plate in. thick, stiffened the top and 
shape three radial stiffening or. tie-brace trusses, 120° 
from each other, connected cast-steel, three-winged center post. 
The gate-stems are secured the gate these three points the 
are also the guide-bearing castings. 

There are two types guides, designated and The two Type 
guides merely present free bearing surface, which constrains the 
gate only radial direction. Type guide, which embedded the 
heavy rear pier, encloses portion the bearing casting the gate, 
and thus prevents both radial and motion. All three 
guides are single castings ft. in. long, the lower ft. being embedded 
the foundation. They are anchored the concrete piers throughout 
their length, and are fixed the top triangular lattice girder frame 
which embedded within the girders the operating-tower floor. 
The guides and bearings are cast iron, with machined wearing 
faces. 

The circular cast-iron sill which the gate rests shown sec- 
tion with the gate Plate six sections, bolted 
together, and anchored the concrete. bolted the guides 
the three points contact. placing the sill, the shaft was trimmed 
out roughly form bed, and the sill was brought grade with 
iron shims, and grouted place. 

previously stated, the cover the basin slab and girder 
floor. surrounded all sides with 2-in. iron-pipe railing. 


414 COLORADO RIVER SIPHON 


Above the operating tower, cylindrical form, ft. in. high, 
which carries the gate-stand and operating machinery, and also forms 
sleeve into which the gate may drawn. The three gate-stands, 
two shafts right angles each other, are operated through 
gear drive 3-h.p. continuous current motor. The gate weighs 
about tons, and ordinary operation raised and lowered 
the rate about ft. per min. The tower accessible from the 
floor the structure concrete stairway. Four cast-iron lamp- 
posts concrete pedestals are placed around the structure. One 
the main traveled roads the Yuma Indian Reservation passes 
around the end the canal this point. 

The construction the intake was carried with the same 
plant that used building the shaft. The foundations were 
excavated Fresno scrapers and hand. The foundation and 
floor were reinforced with old rails. The proportions the concrete 
for the foundations were 1:3:6, and for the remainder the struc- 
ture, 1:2:4, granite screenings and sand being used for the finer 
material. The sand and stone were shoveled directly from the stock 
platform into the measuring hopper the mixer; and the concrete 
was dumped into yd. tip-bucket and conveyed the forms 
the derrick. Steam for the mixer and derrick was furnished 
30-h.p., vertical, tubular, wood-fired boiler. The face forms for the 
warped walls were built the ground one section, ft., 
6-in. tongued and grooved lumber, with studs about ft. apart. 
They were lifted and carried place the derrick, and sprung 
line and braced. Cut-off walls were carried ft. into the ground, 
the ends the walls and the edge the floor. 

The intake was completed February. additional work was 
necessary the California shaft, except remove the water and sand 
filling, and the temporary wooden bulkhead, described previously, and 
make the connection with the tunnel. 

Fig. Plate XLVII, shows the placing the cylinder gate the 
shaft, and Fig. Plate XLVII, shows the completed structure before 
water was turned into the main canal. 


STRUCTURE. 


The outlet structure much simpler design, there being 
control the flow this point. The construction, however, was 
more difficult, owing the topography, the want space, interference 
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with the tunnel construction and the plant, and the rise ground- 
water the high stage the river. The ground surrounding the 
Arizona shaft and for some distance from the river, high and irregu- 
lar contour. The construction plant was grouped around the shaft 
basin Elevation 147, which ft. above the bottom grade 
the canal. The problem was construct the retaining walls without 
interfering with the operation the compressors, mixer, hoist, and 
boiler plant. The diagram, Fig. showing the layout around the 
shaft and the outlet, will make clear the method construction, which 
build the and foundation trench, the core being 
removed later. 

The east wall was built two sections, numbered and 
Fig. Each section was about ft. long and ft. wide. The 
bottom the foundation grade was Elevation 116.5 and 118.5 
II. Sheeting, 12-in. planks ft. long, was driven the 
excavation proceeded, with 8-in. rangers and cross-braces 
horizontal bents about ft. from center center. Ground-water was 
encountered Elevation 120; the soil was soft sand and tended 
toward quicksand below ground-water level. small steam pump 
set sump one end the trench kept dry. Elevation 
127 second set sheet-piling was driven. When subgrade was 
reached, layer crushed rock was placed, provide drainageway 
and prevent the bleeding out the sand under the wall the flow 
the ground-water. The reinforcing steel for the wall and founda- 
tion was then thoroughly wired place, and the foundation con- 
crete placed. Forms for the wall were built 5-ft. lifts, the trench 
bracing being removed and back-fill being placed the wall was car- 
ried up. The track from the mixer the shaft was carried over the 
trench stringers, and the track the dump was moved the 
other side the shaft. The concrete for the wall was chuted directly 
from the mixer the forms. 

The full length Trench III was opened once; the trench 
bracing and sheeting was similar that the others. this time 
the spring floods the river had started, and the accompanying 
rise ground-water was more than ft. was found impossible 
carry the subgrade low the opposite wall, the upward 
flow water through the ground grew too large volume handle 
conveniently and threatened “blow up” the soil under the ends 
the sheeting. The subgrade, therefore, was made Elevation 119, 
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and the foundation and walls were constructed the opposite 
side. this subgrade ft. below the flow line the canal, 
there small likelihood that the water will scour this depth. The 
flow water through the siphon during this irrigating season has 
been only small portion the full capacity the structure, and 
the velocity the outlet has been relatively low. During the present 
winter season concrete floor will placed the canal bottom 
the outlet, protecting the foundations against scour full flow. 
The retaining walls are designed resist uplift due 6-ft. 
head water, combined with pressure the back wall due 
angle repose 17° The wall ft. thick the base, and has 
batter the back 12. The Elevation 141. From 
the top the wall the ground slopes back 2:1 slope Eleva- 


tion 150. There berm ft. wide for road, and back 


gravel and sand hill. 

The work remaining done from the Arizona shaft was the 
removal the tunnel floor, the lock, and the bulkhead, the cleaning 
the tunnel, the removal the cage-guides, gallows frame, and 
cribbing from the shaft, and the construction quarter-turn goose- 
neck the bottom the shaft, enlarging the diameter the tunnel 
that the shaft. 

The shape and dimensions the gooseneck are shown Plate 
XLVIII. The changes direction and velocity are easy, and there 
will probably great loss head full capacity. Cireular forms 
were built radial lines, and the lagging was brought and the con- 
crete placed 3-ft. 4-ft. lifts. The last work done before the run- 
ning water was the removal these forms. 

the ground between the retaining walls, where the canal 
leaves the shaft, there were the hoist, boiler plant, one small compressor, 
and the change room. The hoist was removed, and small hoist was 
set temporarily the opposite side the shaft. The boiler plant 
was needed only for the derrick and hoist, this time the pres- 
sure was being lowered the tunnel, and the compressors had stopped. 
The office was removed, and temporary installation three boilers 
was made this point, and everything was removed from the canal 
right way. The excavation the canal had been proceeding from 
the other end the heavy cut section with Fresnos and wheelers, and 
the short piece remaining between the completed the shaft 
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was now removed. Owing the rise ground-water was impos- 
sible excavate lower than ft. above the final bottom grade the 
canal, but channel sufficiently large carry all the water required 
this season was cut through. 

The flow water the siphon may controlled the California 
shaft, or, case accident this structure, the main check 
and wasteway, mile stream. This structure, Fig. Plate XLVII, 
consists concrete check with seven steel buckle-plate gates, and 
concrete turnout and waste channel capable taking the full flow 
the canal. The waste channel leads the Colorado River. The gates 
the check and wasteway may operated hand electrical 
power. 

Water was turned through June 30th, 1912. The consumption 
water Yuma Valley has not approached the maximum capacity 
the siphon and will not for several years come. present, the flow 
about 300 sec-ft., which about 100 are wasted the river the 
Arizona side. The velocity the shafts and tunnel, therefore, 
low, being slightly greater than the silting velocity. Soundings taken 
the shafts indicate that little silting has taken place. The 
cylinder gate ordinarily kept raised about in. from the sill. The 
velocity the water between the gate and the sill, therefore, about 
ft. per sec. 

The completion the siphon makes available for irrigation 
gravity the upper portion the Colorado River delta, one the most 
fertile tracts land the United States. The canal system the 
Yuma Valley about 65% completed; comprises miles main 
canal and 120 miles laterals. The system has been successful 
operation during the 1912 irrigation season. 

Francis Sellew, Am. Soc. E., has been Project Engineer 
the Yuma Project since 1906. During this period Laguna Dam, 
the levee system, the system main canals and laterals, and the 
Colorado River Siphon have been constructed. 

The work the shafts, previous the commencement pneu- 
matic work, was under the superintendence Messrs. Marable 
and Hall, with Mr. Priest Assistant Engineer. 
Teichman, Am. Soc. E., designed the intake structure and the 
gate. the tunnel construction work, Hayden, 
Am. E., was Superintendent Construction, and 
the writer was Assistant Engineer. 
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RAILWAY TRACK CONSTRUCTION. 


Discussion.* 


brought Mr. Tratman, with reference the use ordinary 
bricks tilted that one end fits under the rail head, noted. This 
method gave very poor results some track which had already been 
placed Springfield; fact, great deal the work was done 
this manner previous the time when the writer commenced work 
there. was found that teams and loaded wagons had great difficulty 
turning out from front cars, and great many wheels 
vehicles were broken. The flangeway, formed the Springfield 
work, will, doubt, wear down somewhat the edges the bricks 
next the rail, but one piece work which was use years 
there was serious trouble, and undue amount wearing had 
taken place. practically every type construction the wear 
greatest this point, matter how the paving placed. 

The crowning the pavement, criticised Mr. Tratman, al- 
though making slightly uneven contour the street, does not seem 
cause any trouble with traffic; wagons and vehicles are able turn 
out without any difficulty, and the scarcely notice- 
able. The city authorities and the public both thought this construc- 
tion great improvement over the old type placing the brick under 
the rail head, and were very much pleased with it. 

The type construction described Mr. Howe, namely, in. 
ballast under the ties and then concrete top paving foundation, 
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indicate that stood very well under the constant and 
heavy traffic, and the writer has doubt that, cheaper method 
construction, this type answers very well, but would not consider 

The decision put the type used the Springfield work was 
arrived from previous experience with cheaper types, where was 
shown that the long run they were far more costly than permanent 
and rigid construction. 

One thing noted connection with the Springfield work was 
the adoption standard section rail the Am. pattern. 
This, course, made the cost less than would have been with girder 
rail. 

Mr. Howe’s method, used Oakland, seems the writer 
excellent compromise, where not possible put more ex- 
pensive type. 

noted that Mr. Mitchell has had very poor results with the 
concrete beam construction. The writer, however, has had quite the 
contrary experience where the concrete beam has been placed and 
been reinforced with twisted steel rods, the type described. 

The rail ends were not ground the Springfield work. Although, 
doubt, this most excellent additional precaution, there was 
visible sign any movement the joints, after the first work 
Springfield had been down months. matter fact, 

was very difficult, indeed, discover the joints all. 

All the bolts, mentioned Mr. Mitchell, were driven 
extremely tight fit. There was trouble from cupping any work 
this class, some having been service more than two years, not 
only Springfield, but other places. great deal the strength 
and rigidity the Springfield joints was due the type plate used. 

noted that Mr. Vorce also has had poor results with the beam 
type construction, but does not state whether used reinforced 
beam. The writer believes that this reinforcing has greal deal 
with the character the beam construction, and makes decidedly 
different proposition from beam which has reinforcement. There 
doubt that poor foundations would affect the failure the beam, 
but reinforcement, properly placed and sufficient quantity, would 
hold where straight concrete beam larger section would fail. 

The writer does not agree entirely with Mr. Vorce his state- 
ment that hard, rigid, inelastic track undesirable. matter 
fact, soon track foundation put down, street paving 
which there any movement all, the surrounding pavement com- 
mences work, and very short time will broken and de- 
stroyed. The writer inclined believe that, building ex- 
pensive and costly pavement where there considerable traffic, and 
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where rebuilding almost prohibitive, far cheaper the long 


run put down solid, heavy roadbed. 

The wooden ties would probably satisfactory, but the writer 
the opinion that, they are used permanent structure, 
would desirable place tie-plates them, which would, doubt, 
add the life and reinforcement the track. 

The writer has mentioned the criticism the grinding the 
rail ends, and although may that the matter more vital 
importance than considers it, his experience two previous con- 
struction jobs, the character illustrated the paper, did not show 
that planing off the rail was nearly essential the proper placing 
the joints and the concrete around the ties, with big, heavy tie 
under the joint, also the additional reinforcement this point. 

Mr. Vorce’s description the work Vancouver certainly most 
interesting, and should considerable value any one interested 
this particular type work. 

The writer very much pleased have heard from the various 
members who have discussed his paper, and have had other views 
than his own expressed this matter. 
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Cory, Am. Soc. (by paper much mr. 


more than timely, and exceedingly interesting, because, the 


Western States particularly, the water laws are vital importance, 
not only very many engineers and individual owners, but the 
general public. That there could prevail, the United States 
the present time such absurd conditions exist California and 
other Western States, impossible grasp fully until one comes into 
direct contact therewith. The notable exceptions are Wyoming and 
Oregon; and seems probable that within very few years most 
the really Western States, not all, will have improved matters 
greatly. Two years ago the California Legislature created State 
Board Water Control and State Conservation Commission, and 
one year later changed the former the State Water Commission. 
the same time, and after the passage amendment the 
State Constitution, made public utility commission the State 
Commission. one result the work and experiences 
these various commissions, California will doubtless fall line, within 
the next three months, with what hoped the latest word 
water-right legislation. 

The final draft the bill which will thus presented the 
Legislature the administration January, 1913, has not been made 
public. certain, however, that will follow closely the Wyoming 
and Oregon precedents general, that is, declare all water within 
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Mr. the State the property the public; distinguish clearly between 
the right water and the right use water; make beneficial use 


the basic principle—priority, purpose, period, place, and quantity; 
provide for determination and certification existing vested interests, 
and sane supervision, control, and certification appropriations the 
future. Due the experience the Railroad Commission, the pro- 
visions for reviewing the acts that body, well numerous other 
features the Public Utilities Bill, will doubt adopted almost 
verbatim for governing the work the Water Commission. 

The more important these are follows: commission 
five appointed the Governor, and not elected constituted 
officio; five-year appointments, with provision for recall two-thirds 
vote the members each branch the Legislature; provision for 
investigation hearing any one commissioner and making every 
finding decision such single commissioner, when approved the 
Commission, binding; power determine existing rights and limit 
them reasonable needs; power order improvements for prevent- 
ing water waste; power and compel attendance witnesses 
and take depositions; provision that all official documents and orders 
filed, when certified commissioner the secretary under seal, shall 
evidence like manner originals, and may recorded; pro- 
vision that cause action shall accrue any Court unless applica- 
tion shall have been made the Commission for re-hearing, prior 
the effective date orders decision; orders Commission must 
obeyed pending re-hearing, except Commission may direct 
order; power modify orders after re-hearing; and, finally, that only 
the State Supreme Court may review any finding, time appeal 
limited thirty days after rendering decision re-hearing, but 
new additional evidence may introduced the Supreme 
Court, and the cause must heard the record the Commission 
certified it. The review limited determination whether the 
Commission has regularly pursued its authority, including determina- 
tion whether the order decision under review violates any con- 
stitutional right the appellant—in other words, the findings and con- 
the Commission questions fact are final and not sub- 
ject review, such questions fact including ultimate facts. 

Further, the Railroad Commission Act, the absence 
definite order the Supreme Court, the Commission’s order decision 
operative, pending final decision; and, the Court stays suspends 
the operation all any part the Commission’s order, such stay 
suspension must contain specific finding, based evidence sub- 
mitted the Court and identified reference thereto, that great 
irreparable damage would otherwise result the petitioner, and 
specify the nature such damage, and require filing suspending 
bond before the Court’s order becomes effective. 
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Lastly, provided that all actions and proceedings under that mr. 
act shall heard and determined preference all civil business, 
except election causes, irrespective position the calendar. 

The Railroad Commission has, and the Water Commission doubt- 
less will have, the right and the duty intervene any civil action 
wherein the interests the Commonwealth may, their opinion, 
concerned, and also initiate proceedings without being petitioned 
do. 

provided that any portion the act held uncon- 
stitutional for any reason, the validity the remaining portions shall 
not affected; and stated that: 


“The Legislature hereby declares that would have passed this 
act, and each section, subsection, sentence, clause, and phrase thereof, 
irrespective the fact that any one more sections, subsections, 
sentences, clauses, phrases declared unconstitutional.” 

The provision for making the Water Commission’s decisions 
orders binding, with appeal permitted only the Supreme Court 
exclusively legal features, is, the writer’s opinion, very funda- 
mental and far-reaching improvement over the procedure Oregon 
Wyoming. Several the other features mentioned are im- 
provements, which though relatively minor, are nevertheless important. 

The author’s suggestion equally stringent and positive National 
water laws and control, rather naturally, though quite unnecessarily, 
leads him take and discuss the water-power policy the United 
States, which practically synonymous with conservation, 
ally understood. seems the writer that National Water Com- 
mission, related State Water Commissions almost identically 
the same way the Interstate Commerce Commission (in transporta- 
tion matters) related the State Railroad Commissions, could 
atranged, and fill the need exactly. General objections “Bureaus 
Washington” certainly not apply the Interstate Commerce 
Commission, and would have weight with any other National com- 
mission clothed with powers like the California Oregon Water Com- 
missions many, and especially the California, Public Utility Com- 
missions. the other hand, public sentiment, very effective control 
and regulation public utilities, and conservation the natural re- 
for the public State authorities—especially the “Pro- 
gressive West”—have developed such point that beginning 
safe for the National authorities begin release their powers 
gradually those the individual States. 

The essential thing and whenever can cer- 
tainly obtained State authorities—and not instant before— 
the National Government should relieve itself the responsibility, 
because more flexibility and better adaptation control local con- 
ditions must result. The time not yet ripe, and never may be, with 
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water-power and forests, for example, but with some other things; 
and the civic awakening the American public very recent years 
one the most striking and significant phenomena the present 
time. 

The author’s suggestion the National Government developing 
power and supplying cost exceedingly interesting, particularly 
because was made all. virtue their relationships, the mem- 
bers this Society are probably—next bankers and few other 
types—the most politically conservative people the Commonwealth. 
That member should, paper before this Society, frankly and 
nonchalantly advocate, not only public but National ownership and 
operation such public utility electric power, seems the writer 
most significant the rapid changes progress throughout American 
society. 

The writer feels strongly that such thing would unwise, and 
believes, with Mr. Dillman, that effective regulation, with reasonable 
premium able management, preferable public ownership, and 
would result lower cost the consumer; but, while that may true 
general, not always the case, and irrigation and the Reclamation 
Service least one notable exception. opposing idea rothing 
truly gained refusing acknowledge antagonistic facts and argu- 
ments—usually, the effect exactly the opposite. 

The writer believes the conditions affecting the wisdom Govern- 
mental construction and operation power and irrigation projects 
the West are fundamentally different. Power installations are almost 
invariably put well-managed and the markets are 
large part now supplied private aggregations capital, and the effect 
these the Government supplying additional energy cost, would 
serious and really unjust. The Reclamation Service, the 
other hand, always deals with projects which are entirely self-contained 
and does not affect the value other privately mutually controlled 
works, even the immediate vicinity. Furthermore, due chaotic 
and most unwise laws, well-managed private capital would deal with 
the irrigation situations comprehensively wisely. Private irriga- 
tion projects have very rare exceptions fared disastrously 
throughout almost the entire West that almost impossible secure 
capital for such work. Indeed, that one the chief reasons for 
improved State and National water-right laws discussed this paper. 

The Reclamation Service has since its beginning expended about 
$75 000 000 irrigation construction, and now working the rate 
about $1000000 monthly. During the past season (1912) was 
ready supply water for about 1200000 acres out 3000000 acres 
for which the works are being constructed. The cost per acre ranges 
from $22 to, one instance, $95, with average between $50 and 
$60. few, any, instances has any portion such cost been paid 
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yet the land owners, yet the selling price land under the mr. 


various projects—with the Government charges yet paid—has 
invariably increased, some instances more than $150 per acre. 
The works installed have uniformly been strictly first class, often monu- 
mental, sometimes possibly uneconomically so. any event, the course 
Western irrigation—flimsy construction—has been avoided. 

short, the Reclamation Service has been doing grand work, and 
its operations were measure what might expected Gov- 
ernment ownership whole, the proponents such policy would 
have very strong, not convincing, case. Its publicity department 
has been very efficient, but, the other hand, has gotten its result 
marvelously small outlay, and, even so, the people, for whom the 
primary purpose supplying homes, are coming the various projects 
all too slowly. This almost entirely because the “back the land” 
ery thing which many join but few practice. The majority 
the people, like the writer, prefer live the city. 

The Reclamation Service has made not few mistakes—it would 
miraculous had not, considering the magnitude its operations— 
and even many its supporters feel that frank admission them 
would have made its position, among those whose opinions are worth 
while, stronger than is. Indeed, the writer has urged that comprehen- 
sive and detailed papers, with complete cost data, presented this 
Society each the projects, preferably all one time, make 
volume Transactions, series volumes, those de- 
the new Pennsylvania Terminal New York City. Oppor- 
tunity discuss matters would relieve the minds and hearts those 
who feel that criticism due, and, besides, the results engineering 
experience Government department should published detail 
for the benefit the Profession generally, and not kept within the 
confines that bureau’s staff. earnestly hoped that this sugges- 
tion will followed. 

Nevertheless, based fairly complete knowledge only the 
Salt River, Yuma, and Orland Projects the Service, and the observa- 
tion and study data examined during eight years with the Harriman 
Lines California, Arizona, and Mexico—six years maintenance 
and operation official, with unusual opportunities observe—the writer 
convinced that, these three projects least, the Reclamation 
Service gets more actual work for dollar than the Harriman 
Lines. Such statement, course, judgment reached general 
way, because the character the work done the two organizations 
fundamentally different not permit analytical detailed 
comparison item item. Nevertheless, the writer feels very positive 
this judgment and could cite very many instances, some minor and 
some fundamental, support, though naturally many the data 
hand bearing the matter could not properly given out. Such 


ory. 


Mr. 


Cory. 


Mr. 
Merrill. 


428 DISCUSSION STATE AND NATIONAL WATER 


result due the fact that National politics has been eliminated from 
the Service, but still affects the Harriman Lines somewhat; that the 
Director the Service has more authority and freedom using his 
individual judgment than even Mr. Lovett the railroads has, let 
alone the local presidents; that the head officials, and consequently 


the general ideas management these railroads, have been changed, 


and the Director the Service has not; that there much less internal 
politics the Service; and the Service organization and work, yet 
least, has not brought about the sharply drawn lines cleavage be- 
tween various departments and the leveling routine “common stan- 
dard” methods, channels communication, limitations, prerogatives, 
ete., the railroad. 

The writer firmly believes that effective regulation public utilities 
greatly preferred Government ownership general, and one 
important reason the inefficiency unwieldly organizations. The 
Reclamation Service one the smallest departments the Govern- 
ment, and its efficiency less than were smaller. Government 
power service would considerably larger, develop any considerable 
percentage unutilized water-powers, and immensely larger than any 
private corporation would ever be. 


fundamental questions connection with water rights, the determina- 
tion which necessary before definite and consistent policy can 
adopted executed. Some these questions have been brought 
apparently satisfactory solution one more the Western States, 
and more less standard practice has arisen concerning them. Most 
the so-called “arid” and “semi-urid” States, following the early 
lead Wyoming, have provided means for the determination and 
adjudication old water rights, for acquiring new rights, and for 
distributing the decreed water among the users. The most notable 
exception this respect California. One need not far find 
the explanation. Except for certain recent attempts, somewhat 
doubtful value, alter the statutory law appropriation, California 
still struggling along under statute and practice devised for and 
applicable only pioneer conditions. Along with this has gone line 
decisions the Courts constantly tending saddle more firmly 
upon the State the outworn and inapplicable doctrine riparian 
rights. 

true that the strict common law rule has been modified the 
extent recognizing the co-relative rights riparian proprietors 
the use the waters stream, even depletion. The Courts 
have also recognized rights acquired direct appropriation, 
the time the appropriation the lands below the point diversion 
and riparian the stream were public ownership, condition that 
the present time nearly non-existent negligible. The 
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theory has been that one time both lands and water rights were 
public ownership; that the Government provided procedure for 
the appropriation the lands, and acquiesced the appropriation 
the water apart from the lands; and that, whenever riparian lands 
were appropriated under the public land laws, the full riparian right 
the water immediately and automatically attached the land, sub- 
ject only limitations: first, the superior rights prior appropria- 
tions water; and, second, the co-relative rights all other riparian 
proprietors. Priority right the use water was made depend 
priority time appropriation, whether such appropriation was 
water directly, land carrying with riparian right. 

The only fully recognized water right appropriation one from 
stream which there are private riparian lands the time the 
appropriation. When once piece riparian land has passed into 
private ownership, thereafter right divert water above such 
riparian land for use non-riparian land can acquired, except upon 
the acquiescence neglect the riparian owner—that is, right 
prescription. right divert water below riparian land can 
secure against the possibility complete depletion the stream 
upper riparian proprietors. This the “California doctrine ap- 
propriation.” Moreover, even this complicated the existence 
water rights connection with the old Spanish land grants—rights de- 
rived neither statutory appropriation nor under the common law, 
but accordance with the civil law the Spanish colonists. 

The situation that exists not one mere academic interest; 
has very practical consequences. Relying the rulings the 
Courts, certain landed interests the San Joaquin Valley, for ex- 
ample, appear have made business levying tribute all appro- 
priators water from streams tributary the San Joaquin River, 
regardless whether the intended use had any effect all the 
amount water which would reach the riparian lands. The writer 
has been informed instances which hundreds thousands 
dollars were paid secure freedom from attack the Courts, although 
the water was merely taken out the stream, carried short distance 
cement-lined conduits and then returned the stream. the 
diversion had any effect upon the flow, increased reducing 
evaporation and seepage losses between the points intake and dis- 
charge. Even though the purpose the appropriation one that 
will not use the water, power development, mere appropriator 
has little standing before the Courts that deemed wiser 
pay the tribute before litigation than risk the payment higher 
tribute plus costs suit after litigation. Riparian owners could hardly 
have been put into better position had they been granted letters 
marque against all appropriators. 

Bad the present situation is, the outlook for the future still 
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worse, unless the practice changed. The prosperity the State de- 
pends its agricultural This will accomplished 
large part breaking the old Spanish grants and other large 
land holdings—which have hitherto been devoted stock grazing 
grain growing—into small farms under intensive cultivation. The 
riparian right attaches only such lands border stream 
through single continuous ownership. Riparian owners may prevent 
injunction the diversion waters non-riparian lands. The break- 
ing the large holdings means, therefore, the severance large 
areas land from any water right all, and the concentration 
water rights through riparian ownership into those lands, constantly 
decreasing area, which border immediately the streams—a 
menacing situation left uncontrolled. 

The writer would like able agree with Mr. Lewis that the 
ease Kansas vs. Colorado settled the question riparian rights 
established precedent that the States will follow, but, view the 
decision the Supreme Court California January 2d, 1909, 
the case Miller and Lux vs. Madera Canal and Irrigation Company 
(99 Pac., 502), constrained believe that, far his State 
concerned, the probability relief from present conditions, 
being able work out rational solution the water right problem, 
becoming constantly more remote. The Court this case said: 


“The doctrine that riparian owner limited reasonable use 
the water applies only between different riparian proprietors. 
against appropriator who seeks divert water non-riparian 
land, the riparian owner entitled restrain any diversion which 
will deprive him the customary flow water which may 
beneficial his land. not limited any measure 
reasonableness.” 


might very advisable grant certain amount priority 
time the owners riparian land, such land, from its natural 
position, likely more readily irrigable; but violation 
the common equities and good policy allow riparian land 
owners put uneconomical use waste completely for 
indefinite period one State’s greatest resources, the plea that 
sometime, somehow, they may find use for it. The riparian user 
water should restricted precisely the same degree and measure 
beneficial use any other user. should given certain 
under statute limitations, within which make beneficial applica- 
tion water his land. After the expiration that time, should 
have only the standing appropriator acquiring any additional 
rights the use water. 

What true California true greater less degree 
considerable group Western States, the so-called “semi-arid” 
States. Washington, the Dakotas, Kansas, Nebraska, and probably 
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Montana and Oklahoma, the California doctrine modified riparian Mr. 
rights has received the sanction the Courts. Except those 
parently rare instances where appropriations were made when the 
banks the entire stream were public ownership, the only secure 
right other than riparian right one obtained prescription—by 
open and notorious adverse user against the rights the riparian 
claimant and without objection from him for the period prescribed 
the statute limitations. any event, this concluded 
the only form secure title that non-riparian owner can acquire 
California, regardless the fact that the State statutes are silent 
respect any other right than that acquired appropriation. 

Until this fundamental question concerning the acquisition 
rights the use water settled, either completely for completely 
against riparian ownership, such way make all cases, 
riparian otherwise, beneficial use within reasonable time the basis 
right the use water; unless the “dog-in-the-manger” attitude 
which the doctrine riparian rights, modified unmodified, upholds, 
definitely and completely repudiated, hope building en- 
during policy with respect the public control water resources, 
securing complete utilization them, giving definite 
title them, can prove anything but illusory. What possibility 
there, for example, making any final adjudication water rights 
stream where some users claim appropriation, others pre- 
and others virtue the riparian situation their lands? 
The quantity riparian lands constantly changing. riparian 
owner has good right every other. adjudication such 
rights made to-day inapplicable to-morrow any the conditions 
the volume stream flow amount riparian land has changed. 
effective policy could established concerning the acquisition 
new rights, for such rights would automatically acquired certain 
cases the acquisition title the land, other cases they would 
obtained prescription due solely the negligence lack in- 
terest lower riparian owners, and other cases purchase 
condemnation. Real appropriation, the securing from the State 
clear title the use definite quantity water, cannot exist such 
situation. Similarly, but little force can attach any scheme for 
administrative control the distribution water. user, save 
who has acquired prescriptive right, has any claim the use 
definite quantity water, quantity sufficient for definite area. 
Everything depends the co-relative rights the other riparian 
owners under the conditions the moment. country dependent 
irrigation, the doctrine riparian rights leads nothing but 
unending confusion. the Courts Oregon have allowed that 
State join the roll those which have repudiated such doctrine, 
then Oregon congratulated. 
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Even this first problem, the right use, should solved satis- 
factorily there will still remain certain other fundamental issues, some 
which have been met several States, but others which, 
far the writer can learn, have not been met any State. Without 
attempting name the States which have taken action the means 
which have been used the solution certain these problems, 
the writer will merely outline what seems him the funda- 
mental questions involved the administration water rights 
those States which have not deprived themselves the power name 
the conditions which water rights may acquired and retained. 

Before thorough-going public policy can developed for the 
administration public waters, first necessary determine what 
the underlying purpose accomplished, and then provide the 
means for its accomplishment. The underlying purpose should 
encourage the settlement lands, the development agriculture, and 
the building homes and communities—the promotion the general 
welfare the citizens whole, rather than the special profit 
certain individuals. accomplish this purpose, necessary 
consider carefully what character right should granted under 
varying where whom the ultimate ownership 
such right should vest, and what limitations, any, should made, 
and what conditions imposed upon the grant. 

The purpose expressed above, however often lost sight of, has 
actuated the disposition the agricultural lands the public domain. 
These lands have been given those who would cultivate them and 
who desired make homes them. has been deemed contrary 
wise public policy allow the title large bodies public 
land pass one owner. The limit has been placed that amount 
which individual owner could reasonably expected improve 
and cultivate. have given more would have resulted with- 
holding the excess land from use or, the patentee sold it, in- 
creasing the cost the purchaser and user over what the latter might 
have acquired for first hand had the excess area been left open 
entry. securing patent public land, the individual must act 
for himself. cannot obtain title member association 
corporation. Although details differ, the same general practice 
encouraging individual enterprises and preventing speculation 
and non-use has also been applied the disposition public mineral 
and timber lands. Recently, however, has come realized that, 
although this principle applies the disposition agricultural lands 
and certain kinds mineral lands, there are other kinds mineral 
lands develop which with reasonable economy far beyond the 
reach ordinary individual enterprise, and that new public policy 
and new method disposition must provided for them. 

granting title the use public waters the extent 
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beneficial use, the practice water appropriations has followed, 
general outline, the practice respect the appropriations agri- 
cultural land; but making little distinction between the 
appropriator and the actual user, the general practice has been quite 
different. accomplish the purpose which was expressed above, 
the title water rights should vest the ultimate user. The character 
right which the appropriator should allowed acquire should 
depend whether the right applied for used the applicant 
himself for his own purpose, his own property, and only indirectly 
for profit, whether used the applicant directly for 
profit the delivery and sale water supplying the public 
with some commodity service which will derived from 
dependent the use the water appropriated. 

When water appropriated individuals, mutual associa- 
tions, municipal corporations for irrigation purposes their 
own lands, where any profit which may derived from the undertak- 
ing will indirect through the products the soil, where these 
same classes users have appropriated water for their own domestic 
purposes, the character the right granted the actual users should 
that ownership limited two conditions: (1) that the water shall 
applied beneficial use without unnecessary waste; and (2) 
that the water shall appurtenant the land the locality for 
which appropriated. 

The principle underlying the disposition agricultural lands 
will apply also the use water for manufacturing purposes for 
power, such use confined localized industries and power de- 
velopments comparable extent with the agricultural operations 
the homesteader; but, give title ownership the use water 
for manufacturing for power operations the magnitude which 
customarily obtain, would variance with the general principle 
which has been recognized the disposition the public lands. 
Such uses should rather treated accordance with the special 
policy proposed for disposition extensive areas mineral lands. 


The title which the appropriator may acquire for power manu- 


facturing purposes, any event for such them comprehend 
quasi-public uses, should something less than ownership. Some 
such lesser title should also granted the appropriator for irrigation 
for domestic use when the appropriator not the user but 
engaged business which takes quasi-public character. 

The primary object the administration water rights for irri- 
gation, namely, encourage the settlement the development 
agriculture, and the building homes and communities, will best 
promoted the water rights are all instances made appurtenant 
the land which the water used. Whether the appropriation 
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son corporation engaged the business delivering water the 
land, the water right should appurtenance the land irrigated, 
and the actual owners the water right should the land owners 
themselves. Appropriators water for sale should not given 
water right equivalent ownership, but only right agency—a 
license act behalf those who are the real owners until such 
time they may desire assume complete control. 

Similar considerations hold with respect the appropriation 
water for domestic uses. Such water rights also should appur- 
tenant the lands the localities served, such the homestead 
the individual appropriator, the district embraced mutual associa- 
tion other organization, the territory included within the 
boundaries municipal corporation; and the actual owners 
the right should the users themselves. manifest that, gen- 
eral, the right cannot made appurtenant specific parcels land 
other property, and that the ownership cannot individual, 
with irrigation water rights. the individuals must act through 
organizations, such municipal corporations, must receive the 
service through the agency persons corporations who will make 
the appropriations and perform the service. the second alternative 
adopted, the appropriators should allowed acquire from the 
State only the necessary right agency—-a mere license act be- 
half the users until such times the users may desire act for 
themselves—while the real ownership should remain 
the community served. 

From the point view public administrative policy, one 
the most important uses water for the development power. 
the form electric energy, this use extends over wider areas, 
reaches larger population, and finds more diversified application 
than any other use water. Moreover, account the magnitude 
the undertaking and the character the services performed, organi- 
zations which handle are almost invariably corporate, and the busi- 
ness itself, with few and minor exceptions, assumes quasi-public 
and monopolistic character. Clearly, this use water cannot, 
general, made appurtenant any specific parcels land 
any definite locality, because the use may beyond even the boundaries 
the State. Nevertheless, the appropriator, because the quasi- 
public character his business, acts only the agent the public 
which serves. This agency should recognized the grant, and 
the appropriator should given only license lease, leaving the 
real ownership that widest public which represented the 
State itself. 

With complete title, even one limited beneficial use, the 
appropriator will invariably capitalize the right its full commercial 
value, more, regardless whether paid for the right 


DISCUSSION STATE AND NATIONAL WATER LAWS 435 


received gratis. not likely that any Court will refuse allow 
full value for water right such character any proceeding 
respecting the valuation the properties the appropriator. 
valued, then the appropriator would allowed earn income 
thereon, and that portion the public served would called pay 
the form rates. Furthermore, should become desirable 
for the public purchase the properties such appropriator, would 
necessary pay, addition the value all other properties, 
the full market value the water right which the public once owned 
but gave away. 

Every person corporation engaged business this character 
should allowed earn fair, even liberal, return the capital 
actually and legitimately invested, but such person corporation 
should allowed acquire property gratis from the publie and after- 
ward charge rates and earn income it. Such situation can 
avoided part retaining title water rights and giving 
the appropriator only license lease. can avoided wholly only 
reserving addition the right cancel such license any time 
paying full value for all the physical property the licensee. 
the purchase made before the licensee has had reasonable time 
within which realize the expected profit from his undertaking, 
bonus the form certain percentage the value the physical 
property, varying inversely the time which the license has run, 
should, the writer’s opinion, also paid. believed that the 
investment the licensee would fully protected if, the place 
intangible values, bonus three-fourths the appraised 
valuation the real property should paid for each year less than 
fifty years that the license has been force. Such license would 
effect indeterminate franchise—the form which best protects 
the interests both the public and the investor. 

water-right applicants are given licenses for fixed terms without 
the reserved right purchase, all such licenses grants will, 
any other unexpired franchise, have value proportion the time 
that the license has run, unless the license granted the ex- 
press condition that value shall any time assigned 
claimed for it, the rights granted under it, respect any valua- 
tion the properties the licensee for the purpose either rate 
making sale. 

The appropriators water for distribution and sale, whether for 
irrigation for domestic use, and the appropriators water for 
power purposes are common footing. will engaged for 
profit business which quasi-public; each will use his business 
partly his own property and partly the property the public; each, 
his use the public property, should considered the agent 
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the public. This relation between the quasi-public appropriator and 
public can fully maintained only by: 


(1) Making water rights for irrigation purposes appurtenant 

the lands irrigated; 

(2) Making water rights for domestic purposes appurtenant 
the lands communities served; 

(3) Retaining general public ownership water rights for power 
purposes 

(4) Granting licenses terminable purchase quasi-public 
appropriators water, whether the use for power pur- 
poses for purposes sale and delivery water others 
for supply for irrigation; 

(5) Granting such licenses only upon condition that they shall 
not capitalized for any purpose. 


accomplish the objects and carry out the principles named 
above. has been the chief purpose the Federal Government its 
administration water-power sites the public lands. The use 
the public land for water-power development, both within and without 
the National forests, open all applicants who can give any assur- 
ance purpose actually develop the sites. Mere speculation 
power sites has been discouraged, and properly so. Only one who has 
been personally touch with the situation can realize the extent 
pure speculation water-power rights. Such speculation as- 
sistance toward actual devolpment; rather hindrance. sooner 
learned that municipality operating company planning 
make developments, than water-right locators and right-of-way 
applicants immediately appear, trying forestall the municipality 
corporation and hold them for price. The Oro Corpora- 
tion, California, has recently been working plans for additional 
generating stations located streams within the Plumas National 
Forest. Within few days after the facts became known, applica- 
tions for the use the site were filed the District Office the 
Forest Service San Francisco for the sole purpose securing 
prior right order demand from the corporation price for 
withdrawing. The attempts were not successful. This, however, 
illustrates what has come established industry some the 
Western States. much more successful with relation water 
rights than rights-of-way across the public lands. the duty 
any administration, State National, check such practices. 
Whatever price the speculator may secure much more added 
the capital the operating company, and the public pays interest 
forever. Just why this indirect method getting money out 
the public pocket finds many ardent defenders hard say. 
The ultimate effect different than were taken from the public 
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treasury. One method adds direct, the other indirect, taxes; 
either case the public pays the bill. Merrill. 


particularly pleasing note the general optimism regard public 
rights, and especially Mr. Johnston’s view that: 


“Because the States have been slow asserting the doctrine 
public rights property which essentially public character, 
need not fear that the public has lost title any way.” 


are impatient the lagging water legislation far behind 
physical development and need. times does good curb our 
impatience and note conditions other countries. 

While France was Roman province, had the Roman water 
laws. Under the Merovingian kings, property was held under dif- 
ferent tenure, and all rights ownership watercourses and waters 
were vested the rulers themselves. feudal times the watercourses 
largely under the feudal lords, but control was constantly dis- 
puted the king. 

Upon the decline feudalism and the beginning modern history, 
about 1500, Roman law was largely restored. Modern history France 
began then with navigable and raftable streams public domain, 
and streams entirely under the control and virtual ownership 
riparian owners. 

From this position, almost complete ownership and control 
riparian owners, the centuries have seen them gradually lose control. 
They longer have much, any, ownership the stream-bed, until 
dry; they have largely lost their rights the water, longer having 
the right ownership, this now the possession the nation, but 
having only right use the water, which right cannot forfeited 
non-use. 

the United States—California for example: 


True riparian rights doctrine—the right riparian owner have 
the waters stream pass his property “undefiled quality and un- 
diminished fallen. now have the modified 
riparian rights; and well know, from the history France, Italy, 
and Spain, and from the strong present tendency minimize indi- 
vidual rights and magnify public rights, that this modification will 
continued process, and will end with riparian rights being 
nothing all, or, most, but shadow their former selves. Even 
now, California, leading attorneys declare the best water right 
one acquired prescription—adverse use. 

Mr. Chandler points out* that, based the Court decision 
Anaheim Union Water Company vs. Fuller (150 Cal., 331), riparian 
rights attach only the least parcel land abutting stream, 
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and that, owner tract riparian land subdivides and sells 
part his land, those portions not contiguous the stream lose their 
riparian rights unless the conveyance declares the contrary, and that 
the land thus severed can never again regain the riparian rights any 
reconveyance. 

Now have the right “reasonable use”; but when have 
water right based modified riparian rights and “reasonable use”, 
there but little difference net results, far the irrigator 
concerned, between this and appropriation and reasonable use. The 
principal difference that, under the Oregon administrative system, 
the water right readily determinable, ownership being practically 
easy determine land ownership, whereas, under the riparian rights 
system, the holder never free from the worry and expense lawsuit 
about his title water. Some authorities have pointed out that 
passing law annulling riparian rights existing before the passage 
the act unconstitutional. Nevertheless, the passage act an- 
nulling riparian rights not asserted the time passage the act 
would use, would influence Courts the constant minimiz- 
ing riparian rights. 

This process took centuries France, and not yet complete. 
Are doomed spend equal time? No; for, besides the fact 
that the world moves faster now, have rapid hydro-electric develop- 
ment stimulant for rapid legal development. 

When water right for individual irrigator for water- 
power for single grist mill, much less general public im- 
portance than when for development power for public utility 
power company with network lines covering some great 
district. The economic interest the public river vastly in- 
creased hydro-electric plants large utility companies. 
This being so, will inevitably and necessarily follow that public 
rights that river will increase and individual rights adverse 
the general public good will decrease; and this should be. 
every hand see the disposition enlarge define more clearly and 
defend public and community rights and minimize individual rights. 

Mr. Justice Cooley, defining public use, the term applied 
the law eminent domain, said: 

“The reason the case and the settled practice every government 
public use, and can only considered such where the government 
supplying its own needs furnishing facilities for its citizens 
regard those matters public necessity, convenience welfare 
which, account their peculiar character and the difficulty mak- 


ing provision for them otherwise, are proper, useful and needful for 
the government regulate.” 


From this definition public use depends times and conditions. 
property to-day may become public necessity to-morrow. 
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stream interest but small group irrigators to-day may 
speedily become very great interest whole valley using electric 
power. 
California the power development has been rapid, the 
merging power companies rapid, and, consequence, conservation 


commission was appointed report the 1913 Legislature. has 
done very great deal work preparing reports. Because the 
arousing and focusing attention, the chance getting some good 


water laws enacted much better than for many years past, when 
irrigation interests alone were stake. 

This same general condition, however, prevails throughout the 
nation. The Eastern States were not all interested irrigation, 
and, before hydro-electric power development began, they could get 
along very well with their old laws based riparian rights doctrine. 
The arid States felt the pinch need, and kept constantly changing 
their water laws. The two portions the Nation—the humid and the 
arid—were getting more and more dissimilar their water laws; 
but, now that hydro-electric development growing rapidly, there 
once more appears reason and basis for fairly similar water laws. 
This doubt the thing that must seized when urge that 
there should essential uniformity water laws among the States 
and abrogation riparian rights. 

There instance such rapid economic change and conse- 
quent rapid legal growth Switzerland. that country each 
the twenty-five cantons had always exercised the fullest authority over 
unnavigable streams within its borders. This worked very well until 
the development water power large scale began. Then the neces- 
sity for change laws became apparent many. 1891 the Swiss 
Society “Frie Land” issued petition demanding the insertion 
the following clause the Federal Constitution: 


“All the water powers Switzerland not yet utilized are the 
property the Confederation. federal law shall regulate all that 
the application this resource and the distribution the 
net benefit produced it.” 


1895, after thorough investigation, the Federal Assembly re- 
jected the proposition and approved the following resolutions, which 
sound amusingly familiar America: 


“1, The great majority Cantons and exercise the 
right sovereignty over their watercourses and which often derive 
direct income therefrom are not disposed renounce that right 
sovereignty. 

general, the public interest the matter safeguarded 
the Cantons according the importance each case. 

“3. The transfer the Confederation the right sovereignty 
and administration over watercourses would not afford any ad- 
vantage the country and would not present any source new 
revenue, either the Confederation the Cantons. 
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“4. The possibility availing itself the water powers 
the future could very easily reserved the nation careful 
legislation. 

“5. general, the Cantonal authorities are better able than the 
Federal Government see the development and utilization water 
powers, both from economic point view and from that public 
and industrial interests. 

The importance, sometimes limited, the object question 
and the securing rational use the various falls, which often 
difficult, require the co-operation the Cantonal authorities specially 
qualified protect the development the local trades and industries 
the Cantons.” 


the years following 1895, hydro-electric development went 
apace and public opinion kept equal stride, that October, 
1908, popular vote almost the people completely re- 
versed the former decision and adopted the following amendment: 

“The Federal Congress shall have supervision over the develop- 
ment water power. 

“The Federal Congress shall make provision for the disposition 
water-right concessions, shall the terms thereof, and shall 
regulate the transmission and distribution electrical energy far 
may necessary protect public interests and provide for 
the proper development such resources. 

“All water rights which the terms the federal law not 
extend shall under the jurisdiction the Cantons, which shall 
dispose the concessions, regulate the same, and impose taxes and 
fees for their use, but such regulation taxes and fees shall not 
severe prevent inhibit the development water powers. 

“The National Government shall regulate and dispose conces- 
sions for powers located inter-cantonal and national boundary 
streams, and shall determine the taxes and fees imposed thereon, 
after hearings have been granted the Cantons interested, but such 
taxes and fees shall collected the Cantons. 

“No power development stream located within the Union 
shall transmitted foreign country without the consent the 
Federal Council. 

“The Provisions the Federal law shall apply water rights 
already existing, except cases specifically exempted 
therefrom law.” 


Now, come down the present and America: Public opinion 
America means ready for any such Federal law that just 
quoted from Switzerland. The growth and change public opinion 
here will not take the centuries took France for the modification 
riparian rights, nor yet will rapid take only thirteen 
years, Switzerland, for the great legal change noted. few 
days ago Secretary the Interior Fisher, his Annual Report 
President Taft, urged “definite and comprehensive water-power policy 
for streams the public domain and navigable streams not the 
public domain.” While good, not comprehensive enough, doubt 
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intentionally so, does not provide for water rights for other 


things than water power, nor specifically for water rights interstate 


streams. 


The question is: What the limit Federal State legislation 
now practicable now probably possible? 


Fourteen years ago,* was stated that: 

“An adequate remedy [for difficulties interstate streams] through 
Any general legislation the National Congress relative water 


Mr. 


rights would mean upheaval too great and too far-reaching 


practical. would mean that number the States would have 
make changes, not only their laws, but their constitutions, and 


would overturn the long line established practice and decisions 
the courts dealing with this question. 


“The waters natural streams within the boundaries the several 
States the irrigated regions being, virtue constitutional pro- 
vision, the abandonment control the General Government, 
usage the decisions courts, the sole property and under exclu- 
sive control these States, clear that reform evils which 
exist reason defective legislation these States, reason 
lack all legislation, can only effected proper legislation 
the part the legislative branch the governments these States. 
clear, too, that reform can not effected unless the several 
States, forming new legislation correcting that which already 
exists, take into consideration the rights the citizens neighbor- 
ing States well the rights their own people.” 


consider uniform laws was urged. Several conven- 
tions under various auspices have been held. The Reclamation 
Service has worked out outline form law for adoption the 
arid States. There has been great growth uniformity, and but 
little, any, growth diversity water laws. 

the fourteen years since the foregoing opinion was written, 
there have been three great events: First, rapid development hydro- 
electric plants, intensifying the need better water laws and national- 
izing the problem. Second, great increase the interest taken 
the Federal Government the use water both irrigation and 
power development, and relative growth the legal powers and 
claims the Federal Government compared with that State 
Governments. great has been this change thought that the 
opinion Mr. Morris Bien, the Reclamation Service, “It 
difficult find any possible grounds for the theory State control, 
non-navigable streams within the State, which are not tributary 
navigable stream.” Third, great growth public opinion 
the effect that much greater number our difficulties all kinds 
should settled administrative processes than appeal Courts. 


Bulletin No. 70, Bureau Irrigation Investigation, Department 
entitled, Water-Rights Problems Bear (an interstate stream), published under 
the direction Elwood Mead, Am. Soc. 


Mr. 
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The writer proposes the following compromise measure, but 
one which accomplishes the object limiting water rights inter- 
state streams accordance with beneficial use, and making the water 
right appurtenant land rather than personal property. 

Pass Federal law with provision follows: 


Provide for permanent bureau for interstate streams and lakes; 
that this bureau shall have jurisdiction except interstate waters 
(and possibly navigable rivers and non-navigable streams 
the public domain); that this bureau shall make surveys for each 
interstate stream, determining areas land irrigated, area irrigable, 
size ditches, points diversion, volume water used, discharge 
stream, storage sites, power sites, dates appropriation and use, etc.; 
that this bureau shall prepare table describing land irrigated, giving 
date priority, maximum amount water allowed for irrigation 
each tract, nature use, allowable dates use per annum, does the 
State Engineer Oregon intra-state stream, but ignoring State 
lines; the division water based beneficial use and 
the greatest good the greatest number; that lawsuit involving 
interstate right use water stream may begun Court until 
the bureau has made its survey and table priorities, and then only 
questions law, not fact. 

There undoubtedly much greater hope passing such law 
this than one under which the Federal Government would take con- 
trol all streams. 

Mr. that decisions interstate waters date 
have been mostly small streams. Bean vs. Morris, the 
Supreme Court, May 29th, 1911 (221 S., 485), said, concerning the 
waters Sage Creek, interstate stream: 


“We believe that always was assumed, absence legislation 
the contrary, that the states were willing ignore boundaries, and 
allowed the same rights acquired from outside the states that 
could acquired from within. The doctrine appropria- 
tion has prevailed these regions [Montana and Wyoming] probably 
from the first moment that they knew any law and has continued 
since they became territory the United States. Before 
the State lines were drawn, course, the principle prevailed between 
the lands that were destined thus artificially divided. 
The only reasonable presumption that the states, upon their incor- 
poration, continued the system that had prevailed theretofore, and made 
changes other than those necessarily implied expressed.” 


case between riparian owners California and appropriators 
Nevada West Carson River, the Court did not attempt 
individual priorities, but attempted equitable adjustment 


between those one whole and those the other State 


whole. 


Western Water Law.” 
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These decisions being fair, the question arises, “Why substitute 
administrative body for Court dealing with interstate 
And the answer must be: “For the sake efficiency.” 


valuable paper and the discussions thereon have been particularly in- 
teresting the writer, because, for number years, has been 
working Wyoming, Colorado, and New Mexico, and 
intimately connected with matters pertaining water rights and the 
distribution the flow the rivers those States. present there 
question more vital public importance the United States 
than the equitable distribution the waters interstate streams, 
involving definition the relation the States each other 
and the Federal Government. 

The Oregon law, outlined Mr. Lewis, excellent one. 
The fact that working well rather strong evidence its 
merit; and gratifying know that there successful code 
water laws actual use, for there have been many defects all 
previous ones including that Wyoming (which, heretofore, has been 
regarded the model), and, many States, the laws—or lack 
laws—in existence have been utterly ineffective and confusing. The 
writer believes desirable that all States—at least the irriga- 
tion States—should proceed immediately adopt new laws, fairly 
uniform character, with the Oregon law standard; then, 
Mr. Lewis clearly demonstrates, the matter will practically taken 
out the Courts, where only litigation and confusion has been the 
rule, and put the hands Board Control capable determin- 
ing, classifying, and indexing every right existence. that way 
will possible know the quantity water available each 
stream system, for future appropriations, and the conditions under 
which such water available, without detriment prior beneficial 
uses. That depends, also, course, the variation stream flow 
from one season the next; but, with discharge data available, 
expert board surely able make better division waters than the 
Courts. 

Oregon the discussion, several suggestions have been 
made for the improvement the Oregon law. One, which very 
good, that the unit measurement defined more clearly. For 
instance, instead stating that the maximum use sec-ft. for 
acres, would much more definite state that not more than 
acre-ft. per season can used for each acre irrigated, and 
would also well define the maximum flow allowed the ditches 
under each right. that way much trouble would avoided the 
division water between storage and direct users, and there would 
question the extent each right, regardless the length 
the irrigation season. 
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and that, owner tract riparian land subdivides and sells 
part his land, those portions not contiguous the stream lose their 
riparian rights unless the conveyance declares the contrary, and that 
the land thus severed can never again regain the riparian rights any 
reconveyance., 

Now have the right “reasonable but when hav 
water right based modified riparian rights and “reasonable 
there but little difference net results, far the irrigator 
concerned, between this and appropriation and reasonable use. The 
principal difference that, under the Oregon administrative system, 
the water right readily determinable, ownership being practically 
easy determine land ownership, whereas, under the rights 
system, the holder never free from the worry and expense lawsuit 
about his title water. Some authorities have pointed out that 
passing law annulling riparian rights existing before the passage 
the act unconstitutional. Nevertheless, the passage act 
nulling riparian rights not asserted the time passage the act 
would use, would influence Courts the constant minimiz- 
ing riparian rights. 

This process took centuries France, and not yet complete. 
Are doomed spend equal time? No; for, besides the fact 
that the world moves faster now, have rapid hydro-electric develop- 
ment stimulant for rapid legal development. 

When water right for individual irrigator for water 
grist mill, much less general public 
portance than when for development power for public utility 
electric power company with network lines covering some great 
district. The economic interest the publie river vastly 
creased by hydro-electric plants of large public 


power for single 


utility companies 
This being so, will inevitably and necessarily that public 
rights that river will individual rights 


adverse to 
the general good will 


and this should be. 
every hand see the disposition enlarge define more clearly and 
defend publie and community rights and minimize individual rights. 

Mr. Justice Cooley, defining use, the term applied 
the law eminent domain, said: 


“The reason the case and the settled practice every 


governmenl 
must our 


use, and can only considered such where the government 
its own needs furnishing facilities for its citizens 
regard those matters necessity, convenience welfar 
which, account their character and the mak- 
ing provision for them otherwise, are proper, useful and needful for 
the government regulate.” 


From this definition public use depends times and conditions. 
private property to-day may become public necessity to-morrow. 
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stream interest but small group irrigators to-day may 
speedily very great interest whole valley using electric 
power. 

California the power development has been rapid, the 
merging power rapid, and, consequence, conservation 
commission was appeinted report the 1913 Legislature. has 
done very great deal work preparing reports. Because the 
arousing and focusing attention, the chance getting some good 
water laws enacted much better than for many years past, when 
irrigation interests alone were stake. 

This same general condition, however, prevails throughout the 
nation. The Eastern States were not all interested irrigation, 
and, before hydro-electric power development began, they could get 
along very well with their old laws based riparian rights doctrine. 
The arid States-felt the pinch need, and kept constantly changing 
their water laws. two portions the Nation—the humid and the 
arid—were getting more and more dissimilar their water laws: 
but, now that hydro-electric development growing rapidly, there 
once more appears reason and basis for fairly similar water laws. 
This doubt the thing that must seized when urge that 
there should essential uniformity water laws among the States 
and abrogation riparian rights. 

There instance such rapid change and conse- 
quent rapid legal growth Switzerland. that country each 
the twenty-five cantons had always exercised the fullest authority over 
unnavigable streams within its borders. This worked very well until 
the development water power large scale began. Then the neces- 
sity for change laws became apparent many. 1891 the Swiss 
Society “Frie Land” issued petition demanding the insertion 
the following clause the Federal Constitution: 

“All the water powers Switzerland not yet utilized 
property the Confederation. federal law shall regulate all that 
concerns the application this resource and the distribution the 
net benefit produced it.” 

1895, after thorough investigation, the Federal 
jected the proposition and approved the following resolutions, which 
sound amusingly familiar America: 

“1. The great majority Cantons which possess and exercise the 
right sovereignty over their watercourses and which often derive 
direct income therefrom are not disposed renounce that right 
sovereignty. 

general, the public interest the matter safeguarded 
the Cantons according the importance each 

“3. The transfer to the Confederation of the right ot sovereignty 
and administration over watercourses would not afford 
vantage the country and would not present any new 
revenue, either the Confederation the Cantons. 
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“4. The possibility availing itself the water powers 
the future could very easily reserved the nation careful 
legislation. 

“5. general, the Cantonal authorities are better able than 
Federal Government see the development and utilization water 
powers, both from point view and from that public 
and industrial interests. 

“6. The importance, sometimes limited, the object question 
and the securing rational use the various falls, which often 
difficult, require the co-operation the Cantonal authorities specially 
qualified protect the development the local trades and industries 
the Cantons.” 


the years following 1895, hydro-electric development went 
apace and opinion kept equal stride, that October, 
1908, popular vote almost the people completely re- 
versed the former decision and adopted the following amendment: 

“The Federal Congress shall have supervision over the develop- 
ment water power. 

“The Federal Congress shall make provision for the disposition 
water-right concessions, shall the terms thereof, 
regulate the transmission and distribution electrical energy far 
may necessary protect public interests and provide for 
the proper development such resources. 

“All water rights which the terms the federal law not 
extend shall under the jurisdiction the Cantons, which shall 
dispose the concessions, regulate the same, and impose taxes and 
fees for their use, but such regulation taxes and fees shall not 
severe prevent inhibit the development water powers. 

“The National Government shall regulate and dispose conces- 
sions for powers located inter-cantonal and national boundary 
streams, and shall determine the taxes and fees imposed thereon, 
after hearings have been granted the Cantons interested, but such 
taxes and fees shall the Cantons. 

“No power development stream within the Union 
shall transmitted foreign country without the consent the 
Federal Council. 

“The Provisions the Federal law shall apply water rights 
concessions already existing, except specifically exempted 
therefrom law.” 

Now, come down the present and America: Public opinion 
America means ready for any such Federal law that just 
quoted from Switzerland. The growth and change opinion 
here will not take the centuries took France for the modification 
riparian rights, nor yet will rapid take only thirteen 
years, Switzerland, for the great legal change noted. few 
days ago Secretary the Interior Fisher, his Annual Report 
President Taft, urged “definite and comprehensive water-power policy 
for streams the public domain and navigable streams not the 
domain.” While good, not comprehensive enough, doubt 
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intentionally so, does not provide for water rights for other 
things than water power, nor specifically for water rights interstate 
streams. 

The question is: What the limit Federal State legislation 
now practicable now probably possible? 

Fourteen years ago,* was stated that: 

“An adequate remedy difficulties interstate streams through 
general legislation the National Congress relative water 
rights would mean upheaval too great and too far-reaching 
practical. would mean that number the States would have 
make changes, not only their laws, but their constitutions, and 
would overturn the long line established practice and decisions 

the courts dealing with this question. 

“The waters natural streams within the boundaries the several 
States the irrigated regions being, virtue constitutional pro- 
vision, the abandonment control the General Government, 
usage the decisions courts, the sole property and under exclu- 
sive control these States, clear that reform evils which 
exist reason defective legislation these States, reason 
lack all legislation, can only effected proper legislation 
the part the legislative branch the governments these States. 
clear, too, that reform can not effected unless the several 
States, forming new legislation correcting that which already 
exists, take into consideration the rights the citizens neighbor- 
ing States well the rights their own people.” 

convention consider uniform laws was urged. Several conven- 
under various auspices have been held. The Reclamation 
Service has worked out outline form law for adoption the 
arid States. There has been great growth uniformity, and but 
little, any, growth diversity water laws. 

the fourteen years since the foregoing opinion was written, 
there have been three great events: First, rapid development hydro- 
plants, intensifying the need better water laws and national- 
izing the problem. Second, great increase the interest taken 
the Federal Government the use water both irrigation and 
power development, and relative growth the legal powers and 
claims the Federal Government compared with that State 
great has been this change thought that the 
opinion Mr. Morris Bien, the Reclamation Service, “It 
find any possible grounds for the theory State control, 
non-navigable streams within the State, which are not tributary 
navigable stream.” Third, great growth opinion 
the effect that much greater number our difficulties all kinds 
should settled administrative processes than appeal Courts. 

* Bulletin No. 70, Bureau of Irrigation Investigation, U. 8. Department of Agriculture: 


entitled, Water-Rights Problems Bear (an interstate stream), published under 
the direction Elwood Mead, Am. Soc. 
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The writer proposes the following compromise measure, but 
one which accomplishes the object limiting water rights inter- 
state streams accordance with beneficial use, and making the water 
right appurtenant land rather than personal property. 

Pass Federal law with provision follows: 

Provide for permanent bureau for interstate streams and lakes; 
that this bureau shall have jurisdiction except interstate waters 
(and possibly navigable rivers and non-navigable streams 
the public domain); that this bureau shall make surveys for each 
interstate stream, determining areas land irrigated, area 
size ditches, points diversion, volume water used, discharge 
stream, storage sites, power sites, dates appropriation and use, 
that this bureau shall prepare table describing land irrigated, giving 
date priority, maximum amount water allowed for irrigation 
each tract, nature use, allowable dates use per annum, does the 
State Engineer Oregon intra-state stream, but ignoring State 
lines; that the division water based beneficial use and 
the greatest good the greatest number; that lawsuit involving 
interstate right use water stream may begun Court until 
the bureau has made its survey and table priorities, and then only 
questions law, not fact. 

There undoubtedly much greater hope passing such law 
this than one under which the Federal Government would take con- 
trol all streams. 

Mr. Chandler states* that decisions interstate waters date 
have been mostly small vs. Morris, the 
Supreme Court, May 29th, 1911 (221 485), said, concerning the 
waters Sage Creek, interstate stream: 


“We believe that always was assumed, absence legislation 
the contrary, that the states were willing ignore boundaries, and 
allowed the same rights acquired from outside the states that 
could acquired from within. The doctrine appropria- 
tion has prevailed these regions [Montana and Wyoming] probably 
from the first moment that they knew any law and has continued 
since they territory the United States. Before 
the State lines were drawn, course, the principle prevailed between 
the lands that were destined thus artificially 
The only reasonable presumption that the states, upon their incor- 
poration, continued the system that had prevailed theretofore, and made 
changes other than those necessarily implied expressed.” 


case between riparian owners California and appropriators 
Nevada West Carson River, the Court did not 
ascertain individual priorities, but attempted equitable adjustment 
between those one State whole and those the other State 
whole. 


***Elements of Western Water Law.”’ 


to 


Pot 


These decisions being fair, the question arises, substitute 


administrative body for Court dealing with interstate streams 
And the answer must be: the sake efficiency.” 


paper and the discussions thereon have been particularly in- 
teresting the writer, because, for number years, has been 
vorking Colorado, and New Mexico, and 
intimately connected with matters pertaining water rights and the 
distribution the flow the rivers those States. present there 
question more vital public importance the United States 
than the equitable distribution the waters interstate streams, 
involving definition the relation the States each other 
and the Federal Government. 

The Oregon law, outlined Mr. Lewis, one. 
The working well rather strong evidence its 
merit; and gratifying know that there code 
water laws actual use, for there have been many defects 
previous ones including that Wyoming (which, heretofore, has been 
regarded the model), and, many States, the laws—or lack 
laws—in existence have been utterly ineffective and confusing. The 
writer believes desirable that all States—at least the irriga- 
tion States—should proceed immediately adopt new laws, fairly 
uniform character, with the Oregon law standard; then, 
Mr. Lewis clearly demonstrates, the matter will practically taken 
out the Courts, where only litigation and confusion has been the 
rule, and put the hands Board Control determin- 
ing, classifying, and indexing every right existence. that way 
will possible know the quantity water available each 
stream system, for future appropriations, and the conditions under 
which such water available, without detriment prior beneficial 
uses. That depends, also, course, the variation stream flow 
from one season the next; but, with discharge data available, 
board surely able make better division waters than the 
Courts. 

the several suggestions have been 
made for the improvement the Oregon law. One, which very 
that the unit measurement defined more 
instance, instead stating that the maximum use for 
would much more definite state that not more than 
acre-ft. per season can used for each acre irrigated, and 
would also well define the maximum flow allowed the ditches 
under each right. that way much trouble would avoided the 
division water between storage and direct users, and there would 


question the extent each right, regardless the length 
the irrigation season. 
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Another writer suggests that the rights and duties the State 
defined more specifically certain matters, such his 
authority grant additional rights stream until its flow and the 
characteristics thereof are well known from record extending over 
number years. quite necessary that general rules laid down 
for his guidance, but would seem impracticable make laws 
relating minute details matters this kind (nearly much 
attempt the regulation precipitation and run-off statute), 
and great deal must necessarily left the the State 
Engineer and the Board Control. They, however, should given 
special authority for non-approval filings and applications pertain- 
ing projects, schemes which the merit doubtful. 

the whole, seems that the Oregon law needs very little im- 
provement, and, with slight modifications, there reason that 
should not applicable the humid the arid irrigation 
States. fact, many the Eastern States have already discovered 
the benefits derived from irrigation, and, one believe the 
reports the Department Agriculture, the practice may extended 
every part the Union. The present uses water the Eastern 
States, where returned the stream largely diminished quan- 
tity, not really differ materially from use for irrigation, and, 
course, power use both identical. The difficulties 
gard the adoption uniform laws seem exist largely the minds 
those who have been educated riparian doctrines and can conceive 
use other basis. 

Interstate Streams.—lIt very evident that there need for imme- 
diate and comprehensive legislation regarding the division interstate 
waters. The present system, whereby the Courts, intervals 
number years, render decisions cases, some which 
are contradictory and not one which has yet clearly 
outlined the relation the States, utterly without efficiency, and 
the result that matters are constantly becoming more complicated 
the appropriations Congress, which had the 
power create Interstate Commerce Commission, has certainly 
some power legislate without fear being overruled the Courts 
matter which the Courts themselves have apparently been unable 

The Kansas vs. Colorado the one most usually referred 
this subject, and the decision itself and the parts 
thereof have been given thousand and one interpretations, many 
them diametrically opposite, the adherents various sides the 
question. The people Colorado, for instance, are generally the 
opinion—by virtue the fact that the State Constitution makes the 
State the owner all waters within its boundaries—that the privi- 
lege the citizens the State divert every drop water, they 
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wish, from streams flowing into neighboring States, regardless Mr. 
uppropriations those States; and they constantly refer the result 
this suit and decision which they believe virtually sustains their 
rather hard for one who impartial, and has been 
trained the doctrine priority and beneficial use, conceive that 
any Court Justice should support such theory, and there serious 
doubt whether such was the intent the Supreme Court. However, 
largely that idea that the Colorado interests expect win the 
case Wyoming vs. Colorado, now before the Supreme Court. 

Mr. Lewis demonstrates that the Kansas-Colorado decision practi- 
cally asserted that the “doctrine riparian rights, not the 
law, and, therefore, never has been the even interstate waters. 
Mr. Knowles, his shows just clearly that the “principle 
equal rights, which the basis rights,” was followed. 
The writer, however, believes that the learned judges, although follow- 
ing the language riparian rights—because, from education and prece- 
dent, they knew other—actually had mind the doctrine prior 
appropriation and beneficial use. fact, difficult imagine, 
from the surrounding the case and the evidence 
how riparian issues could considered; therefore, the arguments ad- 
vanced Mr. Lewis are perhaps well grounded. The whole matter, 
however, shows very plainly how unsatisfactory and confusing the 
present method administration injunction and Court decisions, 
and that effective remedies are necessary. 

The Government and the issue decided 
the relation the various Federal bureaus the States, the admin- 
istration and use streams, intra-state and interstate. Several who 
have this paper have taken advantage the occasion 
attack the Reclamation Service and its work, and Federal policies 
general, relating irrigation and the conservation natural resources. 
This hardly pertinent the question; neither the writer’s in- 
tention defend the bureaus thus attacked. The Reclamation Service, 
regardless its unpopularity some quarters, has done great work 
and has given tremendous impetus irrigation development, and 
the Conservation movement, which seems good one, has been 
handicapped insufficient Congressional legislation and because the 
powers and duties the officials charge have not been defined. 

The present methods administration the Reclamation Service 
and other bureaus, and the grievances resulting, are traceable directly 
the chaotie state affairs resulting from system based govern- 
ment and the determination and adjudication water 
rights the Courts. the absence definite limitations their 
powers, was necessary for these bureaus define their own, and 
safe say that many which they have assumed are not constitutional. 
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pointed out one writer that the Federal Government recog- 
nizes the sovereignty the States matters pertaining the use 
water for irrigation purposes because the Reclamation Service files 
its applications for water rights the oftices the State Engineers 
and with the regulations the State where the project 
This consistent with the fact that this Service has 
made filings number instances for all the unappropriated waters 
stream, right which ordinary appropriator might find diffi- 
cult sustain. Nor does seem entirely fair, has been done the 
case the Rio Grande, stream rising Southern Colorado and flow- 
ing into New Mexico and Texas, that the Reclamation Service, not only 
assumed the right, some ten years ago, file all the unappropriated 
waters the stream and its tributaries north Elephant Butte for the 
irrigation land Southern New Mexico, Texas, and old Mexico, 
but has been able maintain rulings the Secretary the In- 
terior, and thereby prevent further development Southern Colorado 
and Northern New Mexico; whereas questionable whether the 
project will completed, for any considerable percentage 
the ultimate acreage, within fifteen years the time that the filings 
were first made. That proposition and the policy involved certainly 
seem least unfair and much open the one 
advanced Colorado the right its citizens use every drop 
water within the State. seems possible improve both 
these rather arbitrary viewpoints methods procedure, the 
end that justice done every one. 

Administrative foregoing illustration given with- 
out prejudice, either the rights State Federal bureau, but 
example the results the present system. Such condition 
could hardly have existed there had been State and National system 
administrative control, suggested Mr. Lewis, with the author- 
ity the Commission Control defined; and, the light 
all the experience obtained, there seems reason that such 
Commission should not able operate expeditiously and suecess- 
fully. certainly should more efficient securing results than the 
workings the present system would ever lead one hope for. 

The personnel would probably consist largely technical experts 
matters this kind, and provision would doubt made that 
States involved particular controversy given ample representa- 
tion their own authorities act conjunction with this Com- 
mission the settlement thereof. When the number interstate 
streams the United States considered, even those the irriga- 
tion States, and the number appropriations each stream along 
its course, would seem that there will sufficient work occupy 
the attention such Commission for long time. 
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The writer sees more equitable principle follow, the Mr. 
cation stream from source mouth, than the doctrine priority 
and beneficial use, regardless State lines, there being clear defini- 
tion and other preferred uses, and the fact also being 
remembered that there will certain return flow the stream from 
the upper users. All this will undoubtedly require great deal 
study and expert investigation, but seems inevitable that such ad- 
judications must made eventually, and the sooner done the 
more advantageous will be. Experience does not lead the belief 
that much relief can expected the Courts continue adjust these 
matters. 


The first move would seem the adoption the States 
uniform laws, similar character those Oregon. soon after- 
ward possible there should complete determination and adjudi- 


cation all intra-state water rights, with their priorities, the State 
Engineer and the Board Control each State. Such movement 
the States would doubt accelerate the creation National Com- 
mission, which, when formed, would have the benefit all data 
water rights the various States, and this would expedite the com- 
plete adjudication the interstate streams and the settlement 


controversies relating thereto. The writer believes that engineers 
will agree that results that kind are necessary and desirable, 
whether not they agree the method procedure suggested. 
seems certain that the Engineering Profession must have much 
with the final determination these matters, and the more they 
are decided their merits technical rather than legal questions, 


going discussion has greatly strengthened the writer’s conviction that 
the duty the Engineering Profession lead the reform 
State and National water laws. There profession which 
better qualified judge what the laws relating water ought 
be, and organization better fitted than the American Society 
Civil Engineers carry persistent educational campaign 
secure the ultimate enactment such laws. Much Oregon’s suc- 
cess the administration her water laws due the pioneer 
work along this line Wyoming. However, one two points, 
his admirable discussion the principles law, believed 
that Mr. Johnston, former State Engineer Wyoming, error. 
says that “The States have not properly administered the 
smaller streams which they own.” From this assumed that 
Mr. Johnston means say that: 
“The waters all natural streams, springs, lakes, other collec- 
tions still water within the boundaries the State Wyoming are 


the more satisfactorily and expeditiously can they handled. 
Joun Assoc. Am. Soc. (by fore- mr. 


the property the State,” 
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provided Article VIII, Section the Constitution Wyoming. 
This, its face, looks like irrevocable grant Congress all 
waters within its borders the State Wyoming, and that the 
United States, any adjoining State, can have jurisdiction 
control over the same. 

Later, Mr. Johnston states that principles are much more im- 
portance than details law that does not feel inclined discuss 
the question State National control. 

seems that this question fundamental. true that the prin- 
ciples priority and beneficial use, basis for water titles, should 
understood and adopted both the States and the Nation, but, 
until can decide whether this system water titles should 
administered the States the Nation, there little use dis- 
cussing details. 

doubtful the approval Congress lengthy document 
containing the words above quoted will ever construed grant 
control all Government land within its borders, this land 
worthless without water. Such construction would with 
Section the ordinance forming part the Wyoming Constitu- 
tion, providing that the State disclaims all right and title the 
unappropriated public lands lying within its boundaries. 

Few, any other, States have such positive declarations 
State ownership water. Whatever the law the Eastern States, 
there must some unappropriated waters most streams subject 
public control under any law that may enacted this time. 
important that the public ascertain and determine the location 
and extent these public waters that flood-water reservoirs may 
constructed for the preservation life and property during periods 
excess run-off, and for the benefit navigation, power, irrigation, 
and supplies during the low-water period. this must 
have some sort interstate Federal administrative system, cor- 
responding character that found desirable within the State for 
such work. The riparian owner cannot insist that those destructive 
floods continue flow uninterrupted the past. The right the 
use all water every part the United States which has been 
put beneficial use can general considered vested. some 
parts the East, the riparian owner has perhaps some rights the 
ordinary low-water flow the stream, notwithstanding the fact 
that has not put the waters beneficial use. The en- 
titled know the extent all vested rights, whatever nature, 
and have provided law some orderly method acquiring rights 
such unappropriated water, that development can keep pace with 
modern demands. Knowing the extent such rights, they can pur- 


J 
a 


DISCUSSION STATE AND NATIONAL WATER LAWS 449 


chased condemned, and their value the owner will increased 
accordingly. 

had not discussed the relative merits county control and 
State control Oregon, would still attempting administer 
streams through cumbersome system county control. high 
time that all who are thinking along conservation lines get down 
the fundamental questions which any constructive 
legislation must built, that is, the proper jurisdiction for ad- 
ministrative purposes. 

Mr. Knowles states that “There may question, also, 
whether the law has become sufficiently determined justify the 
creation administrative commission,” also, “If true that 
the law for all cases has not been determined, would appear almost 
certain that any important contest between States, before 
ministrative board, would appealed the Supreme Court, until 
the universal law had become established, and Commission might 

have practically interstate National law relating the 
administration distribution streams. How, then, can the law ever 
settled judicial interpretation? the absence such 
statutory laws, the Courts, new cases arise, must practically legis- 
late the point issue order decide the matter. Mr. 
Knowles expects await the building Federal administrative 
system this slow and expensive system Court legislation, then 
may well abandon the whole subject constructive legisla- 
tion. Many lawyers take this view the question, the chaotic 
condition State and National laws desired certain class 
powerful corporations seeking the monopolistic control water without 
use, and litigation this character extends over many years, 
and therefore highly profitable the legal profession. 

Appeals from any administrative board established Congress 
regulate streams are certain the highest Courts. The 
quicker such appeals are taken, the better. the law defective, 
these many important problems. upheld, such point will prob- 
ably never again the Courts. few such will 
settle all doubtful points, and the administrative board will proceed 
with its work, speedily and economically, and with 
through the higher development and use our natural resources. 

With reference the Oregon system water titles, Judge Bean, 
the United States District Court for Oregon, said, recent case 
(Silvies River case, 199 Fed., 495): 


impressed with the soundness the view that proceeding 
for the adjudication and determination the rights the use the 
waters within the state, instituted and conducted provided the 
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legislative act 1909, effect proceeding behalf the state 
through administrative executive board have judicially set- 
tled economical and practical way, the rights various claim- 
ants the use the waters stream source supply, and thus 
avoid the uncertainty water titles and the long and vexatious 
controversies concerning the same which have heretofore 
tarded the material development the state.” 


The statement Mr. Dillman concerning two strong corpora- 
tions stream California which “shut out the small fry” 
protracted litigation over water and then withdrew the suit and divided 
the water between themselves, good example the kind justice 
some States mete out their citizens. arguing the question 
States’ rights Federal rights thus delaying action, will soon 
find “the small fry” getting the same kind justice meted out them 
the Federal Courts through litigation over interstate rights, irre- 
spective the fact that some States good water codes may 
effect. 

the above-mentioned case, construing the Oregon administrative 
code, one California’s most powerful corporations was shut out 
the Federal Court and was compelled submit the administrative 
the State. The same tactics had been pursued for years 
Silvies River, Oregon, where litigation has been progress for 
many years that most the “small fry” were about ready sell out 
for little nothing and leave the country. They now have some chance 
have their cases tried without ruinous expense, and once for all time, 
which the important point. 

Mr. Dillman wishes delivered from any more Government 
Bureaus, but only Government Bureau can protect “the small fry,” 
then all means let have another bureau. California, however, 
needs State Water Bureau worse than any other State the Union, 
and the lack such bureau probably due the presence such 
powerful companies having control great quantities water under 
lax laws which not require beneficial use the basis the right. 

The writer glad note the admission Mr. Sheley that the 
attempt adjudicate water rights Utah through proceedings the 
Courts has been found impractical. This the history every 
State where earnest attempt thus adjudicate water rights has 
been made, and the reason why many States are now turning over 
all water matters administrative boards having only subordinate 
judicial powers. 

Mr. Knowles believes that, applying the “rule reason” the 
two conflicting doctrines riparian rights and appropriations and use, 


both can merged into one and the conflicting laws adjoining 
States thus brought into harmony. 


This plan has been attempted 
for years California. 


has resulted the most confused jumble 
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impractical laws found any State the Union. What 
law that State one can tell without examining thousands 
pages conflicting Court decisions, and then two investigators 

the law can agree exactly what the law really is. The rule 
reason applied one judge will differ from that applied another. 

those large interstate National problems like the control the 
Mississippi Ohio Rivers, where millions dollars the peoples’ 
money must invested, must have some absolutely definite legisla- 

tion before such work undertaken. Such works should endure for 

all time, and the necessary title water should not left the reason 

any judge, however learned. 

his discussion, Mr. Knowles has attempted point out certain 
errors law made the paper. Mr. Johnston says, “Principles 
are much more importance than details law,” and the writer 
believes almost waste time for the engineer discuss such 
detailed matters. Therefore, attempt will made point out 
what are believed errors his reasoning. 

must recognize the fact that have the present time 
interstate National administrative laws relating the diversion and 
use streams. should the the engineer ascertain 
what the law ought be. When this has been accomplished, and such 
law framed harmony with the laws Nature and conformity 


with good engineering and business practice, then legal experts should 


called advise what changes are necessary conform with good 
legal practice. Some the best lawyers are always found the side 
reform promote the good. Owing the present confusion 
water laws, will doubtless found that almost any law for the 
highest good sustained the Courts. are certain, 
however, that every section law which conflicts any way with 
vested property rights will pointed out the lawyers Ccngress, 
and most fully before any such legislation will enacted. 
believed that Congress will weleome suggestions from the 
Engineering Profession what the law ought be, order 
stimulate the development vast engineering enterprises. 


Since writing the paper, the Department the Interior, the 
United States, has issued regulations rights way through 
the lands and reservations the United States for 
Power Purposes, approved August 24th, 1912. These regulations apply 
Interior Department lands, and are much the same those adopted 
the Agricultural Department for lands within the National Forests. 
They are based the theory land control, impose certain limita- 
tions the use water, and amount the same thing 
United States controlling the water. Permits are revocable wil! 
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the Secretary, and terminate fifty years unless renewed under certain 
Lewis. 
These regulations confirmed the writer’s opinion that the 
United States controls not only the public lands the Western States, 
but also the water flowing over the same, and that the State exercises 
almost control whatever over such waters, except virtue these 
regulations which require compliance with State laws. When such 
lands pass into private ownership and water appropriated, then such 
water that extent subject State regulation. 
The Acts Congress 1866 and 1877 are believed many 
irrevocable grant water the States, but this, apparently, not 
the case. 
Concerning this question State control waters Federal lands, 
the Supreme Court the United States held, the the United 
States vs. Rio Grande Dam and Irrigation Company (174 S., 690- 
703), that: 


“Although this power changing the common law rules 
streams within its domain undoubtedly belongs each state, yet two 
limitations must (1) That the absence specific 
authority from Congress, state its legislation destroy the 
right the United States, the owner lands bordering stream, 
the continued flow its waters; far least may necessary 
for the beneficial use the Government property; (2) That lim- 
ited the superior power the general Government secure the un- 
interrupted navigability all navigable streams within the limits 
the United States.” 

“In other words, the Court holds that the jurisdiction the United 
States over the natural upon the public domain” 
superior and paramount the jurisdiction any State; and that all 
needed measures may taken the Government preserve the 
watercourses the country for “at least” the two purposes named 
above “even against the action any state,” authorizing, under its 
laws, appropriations made. The Court, especially the Kansas- 
Colorado and Rio Grande eases, clearly intimates, say the least, that 
the Government might also make other claims the water than for 
its use for irrigation, riparian owner. Whether will so, 
time alone will tell.* 


“The Government still the owner the surplus the waters 
flowing upon the public domain, rather the owner all the waters 
flowing thereon, remaining after deducting the rights the use the 
same which have vested and some legal way individuals 
and companies. therefore follows the result the own- 
ership the United States the waters flowing the domain, 
that any dedication State all the waters flowing within its 
boundaries the State the public, amounts but little, the 
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face any claim which might made the Government, least 
all the surplus, unused waters within the 


Kinney states, further, that Congress, had seen fit, could have 
laid claim the necessary surplus water for projects constructed under 
the Reclamation Act, “virtue the fact that title the surplus 
waters flowing over the public domain the Government,” and not 
under the State laws, was provided Section such Act. Much 
confusion within the States may result eventually where Congress has 
reserved water for Indian reservations, which, after many years, has 
never been used the Indians, but, the meantime, has been used 
others below. 

appears, therefore, from these authorities and from the wording 
the Acts question, that Congress, saw fit, could repeal 
any time existing laws relating water and adopt some new law for 
all surplus and waters the public domain. such 
emergency, would have divided control within the Western States 
such extent make any control impracticable except through 
the closest co-operation. 

Mr. Cory states that beginning safe for the National 
authorities start gradually releasing their water powers the indi- 
vidual States, and that National ownership and operation such 
publie utility electric power would unwise. 

The writer will attempt show that some cases the first proposi- 
tion unwise, and that the second proposition the only logical plan 
for the development, distribution, and use water power the West- 
ern States. 

TRANSFER STATES. 

Owing the conservation sentiment the Eastern States, 
believed very unlikely that the United States will ever turn over 
the States, for administrative purposes, the control lands 
now withdrawn for power purposes. cannot await the settlement 
this political issue before undertaking some the large 
enterprises the West, which per unit cost are far cheaper con- 
struct than many the small projects now being undertaken private 
capital, the public under the Reclamation Act, Carey 
without co-operation with all other interests the field. illustrate 
the point, one large irrigation project and one large power project 
Oregon will and attempt made show that imme- 
diate construction what wanted, leaving the future the settle- 
ment the question State Federal control streams. 


PROJECT. 


the Deschutes River, Benham Falls, 181 miles measured along 
the stream from its junction with the Columbia River Oregon, 


Kinney, Irrigation, Second Edition, 692. 
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75-ft. dam will back the water for more than miles, flooding 
acres, and will store 700000 acre-ft. water. The remainder 
the 1053 000 acre-ft. water which passes this point annually can 
diverted from this stream the vicinity the Town Bend, with- 
out storage, for irrigation during the summer, and will supply about 
100 000 acres The stored water will irrigate about 210000 
acres addition. The entire stream, Benham Falls, will thus 
supply 310000 acres, which equivalent strip land mile 
wide and 484 miles length. has been roughly estimated that the 
cost construction will about $30 per acre. 

Incidental this development, enormous amount summer 
power will produced, for, the miles between the dam site and 
the last diversion dam for irrigation purposes, there total fall 
1300 ft. During the height the irrigation season, about 000 sec-ft. 
water will available for power development the upper portion 
this stretch. the different diversion dams for irrigation are 
passed, smaller quantities water will available for power until 
the last diversion Cline Falls reached, where about sec-ft. 
will diverted for the lower districts irrigated. 

During the winter, when the reservoir filling, the power possibili- 
ties along miles the stream channel, having total fall 600 ft., 
will destroyed, but this not serious loss, the seepage water 
below the reservoir can through the lower irrigation canal 
vertical drop about 800 ft. total height, where more winter 
power can probably developed than can used for many years 
come that section. Near the lower end this district which 
proposed irrigate, the stream enters deep rock-walled cafion from 
which impossible divert water. Some the largest tributaries 
enter just below the section irrigated, that, with full storage 
Benham Falls, about 4500 sec-ft. can depended the mouth 
the stream, provided acre-ft. can stored Crooked River, 
one the upper tributaries, piece out the low-water flow. There 
fall 1400 ft. 111 miles this lower river, below the mouth 
the Metolius River, its principal tributary. this latter stream 
there fall about 2600 ft. miles. Practically all this 
enormous fall can utilized. The flow the stream most peculiarly 
uniform, due the light porous pumice stone formation which covers 
the entire upper drainage the Deschutes and its principal tributaries 
considerable depth. 

These enormous power and irrigation possibilities are inter- 
related that the United States could not surrender the power sites 
without jeopardizing its land and irrigation rights. The United States 
owns about one-half the irrigable land this district, and has with- 
drawn enough land along the stream practically control the power 
situation. enormous are the power possibilities that ultimately 
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much the Government land along the Columbia River and other Mr. 
streams, both Oregon and Washington, within economical pumping 
range, will ultimately reclaimed power from the Deschutes River. 

settle finally all the complicated State and National questions, 
permit the logical development this stream for the greatest 
good the greatest number, would require many years. the mean 
time, the railroad which now constructed the Deschutes River 
the Town Bend, will have been constructed southward through the 
proposed reservoir site where its right way now partly cleared. 
Also, numerous power plants will have been constructed along the 
main stream immediately below the proposed dam site, thus preventing 
the storing the winter flow. These and other like complications, 
not prevented, will accumulate such extent that few years 
this magnificent project will too much encumbered undertake; 
but all such difficulties can prevented without any way retarding 
present development, such private development forced conform 
some public plan for the stream whole. 

The development much the water power the Lower 
Deschutes River, has been greatly complicated the recent building 
railroad along either bank the stream near the water 
surface that the construction dams economical height made 
impossible without moving the grades. These roads were forced 
elevate their tracks around the proposed power sites two private 
companies, also one site selected the Reclamation Service. 
With but little, any, extra cost, these roads could have been con- 
structed uniform height 100 ft., more, above the bed 
the stream. The water power, however, belonged the public, and 
have been busily engaged, disputing the right the State 
the Nation control, that, this instance, much power has been 
almost completely destroyed through public neglect. The same will 
oceur with respect the irrigation and power possibilities the upper 
valley, where only 65000 acres are now under irrigation, and where 
there possibility irrigating acres the water put 
use accordance with comprehensive preconceived plan. 

The State has large measure control over the waters this 
stream, and the United States, through its National Forest Reserva- 
tions, Indian Agencies, and water-power withdrawals, exercises very 
large control over such stream through the control land rights. 
Therefore, the public interest could well protected the State and 
the Nation could unite some workable plan for the greatest good. 


= 


February 21st, 1913, the Legislature the State Oregon 
appropriated $50000 for co-operation with the Reclamation 
Service the preparation comprehensive plan for the Deschutes 
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River Basin, and the Secretary the Interior has agreed allot 
like sum for such work, which out jointly. 

The State law authorizes the withdrawal all necessary water 
rights for the protection the project. the completion the 
plans, any part all the project can turned over private 
capital for construction, payment the full cost preparing such 
plans, the money into revolving fund for the promotion other 
projects; provided that such project, any part thereof, shall 
turned over private capital except full hearing all interested 
parties, and proper assurance that interest will safeguarded. 

Anticipating difficulty securing private capital carry out 
large undertaking, the Legislature has recently submitted con- 
stitutional amendment for the vote the people, authorizing the issu- 
State bonds the extent the assessed valuation 
the State for the construction irrigation and power projects, and 
for clearing and developing the cut-over timber land the State. 

case found necessary for the public undertake the develop- 
ment its own resources, being strongly urged that the State 
with the Nation, rather than attempt new organization. 
believed that the people will not vote millions dollars for de- 
velopment projects without tying some stable, experienced organi- 
zation which has actually made success this important work. 
The few mistakes such service only serve strengthen the argu- 
ments for co-operation, these mistakes are not likely repeated. 
this way the difficult question politics and patronage can 
believed that the United States can prevailed 
co-operate with the State, dollar for dollar, $20000000 has al- 
ready been voted Congress for irrigation the West, without 
any offer co-operation the part the States most vitally 
interested. 

thus appears that the policy most likely secure immediate 
development that co-operation between the State and Nation, 
leaving the future the States’ rights and Federal rights. 
should take the position, advocated Mr. Cory, demanding 
the turning over the United States the States, its various 
resources the West, might never attain that end. did, 
would then many years behind the times, each State would 
have organize complicated technical bureau handle the work, 
and would inevitably repeat many the mistakes the United States, 
not far worse. 

very brief campaign, have actually attained Oregon 
co-operation with the United States, Furthermore, the people are 
entire sympathy with development programme, 
the Legislature has just appropriated $450000 complete one unit 
the big Deschutes scheme, where the State has made failure 
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the reclamation 27000 acres from Tumalo Creek, under the pro- 
visions the Carey Act. Water rights about 20000 acres land 
had been sold where the supply was barely sufficient for about 
acres, 

Power DEVELOPMENT THE PUBLIC. 


Each house the Oregon Legislature has passed somewhat differ- 
ent bill appropriating for the thorough investigation the 
Columbia River Power Project, near The Dalles, outlined the 
State Engineer his Fourth Biennial Report. believed that 
agreement will reached within the next few days and the investiga- 
tion authorized. the purpose this bill make diamond-drill 
borings, prepare detailed plans, specifications, and estimates cost 


for project, and estimate the cost transmission 
this power various points Oregon and Washington; also esti- 
mate the cost distributing such power from sub-stations the cities 
individual consumers. show the saving which would result, esti- 
mates are furnished giving the cost producing power from 
other than water. This work out jointly 
the States Oregon and Washington, and the United States, co- 
operation can had from such sources. joint legislative commis- 
sion from both States, headed the respective Governors, has exam- 
ined the project and recommended the plan. order show why 
private capital cannot undertake the construction this project, and 
why necessary for the public promote it, and perhaps eventually 
construct it, brief the entire plan presented. 


Installed Machine Capacity: 536000 h.p. with 300000 h.p. 
12-month power and h.p. 8-month power. 

Big Eddy, miles above The Dalles, miles east 
Portland, the metropolis Oregon, and 200 miles from the 
mouth the Columbia, and the Ocean. 

Market: 240000 h.p. for fertilizer works, the remainder for the 
iron and steel industry, wood distillation plants, aluminum, 
carbide, alkali works, electro-chemical indus- 
tries, woolen mills, pulp and paper mills, light, heat, and 
power wholesale blocks encourage new industries, and 
without competition retail business local power com- 
panies. 

Dam: Present channel Columbia closed dam, 300 ft. 
long, approximately 180 ft. high above foundations, and new 
channel excavated solid rock 1400 ft. wide, and water 
surface regulated removable dam, sections 100 ft. long, 
ft. high. miles above power-house. 
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Oregon Washington side. Planned for Wash- 
ington side, Big Eddy; 1200 ft. long, about 200 ft. high 
above foundations, contains turbines, supplied canal, 
300 ft. wide, with ft. depth excavation, miles long 

from pool above dam. 

Head Water: One-half height Niagara Falls (73 ft. low 
water; approximately ft. high water). Natural fall 
low water river ft., with fluctuation ft. pro- 
posed dam site. 

Water Available: Minimum, 50000 sec-ft., maximum, 1390000 
sec-ft., mean flow, 235000 sec-ft. Drainage area The 
Dalles, sq. miles. Stream flow record for years 
available. 

Turbines: Runner ft. diameter, shaft steel in. 
diameter, ft. long, supporting generator top approxi- 
mately ft. diameter, maximum capacity, h.p., all 
rev. per min. one oil bearing. Maximum water 

Cost: $23 076 000, $77 per h.p. for 300000 h.p. Cost low- 
tension power station, $6.90 per h.p. per annum. 
power steam from waste sawdust, about 0.5 0.7 cents 
per kw-hr., from $33 $46 per horsepower-year. Minimum 
price Niagara for large blocks, $9.00, average about $15.00. 

Transportation: Competing transcontinental railways power- 
house, with navigable water from same Pacific Ocean, and 
for many miles inland. 

Raw Abundant and accessible for many different in- 
dustries. Air, 20000000 tons nitrogen above sq. mile 
the earth’s surface, enough supply fertilizer for the 
world for years. Timber, iron ore, lime, salt, and other 
products accessible because rail and water transportation. 

Market for Manufactured Products: The World; the power 
plant the gateway inland empire, with water outlet 
the Pacific. With public docks Portland, and the 
Panama Canal completed, shipping facilities will available 
for industries seeking world markets. 


Low water the Columbia River invariably occurs during the 
winter, and floods during the summer. These floods are caused the 
melting snow the high mountains the head the stream. 

Fig. shows the total power available the Columbia during 
average year. based approximately maximum head condi- 
tions, and made from records the last years, with assumed 
turbine efficiency 80%, generator efficiency 93%, and the 
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assumption that sufficient turbines are installed use all the water 
e 


all stages. 

The curve, B,, this diagram shows the power which could 
delivered the switch-board twenty hydraulic units, assuming 
the generator large enough transform the power without overheating. 

The line, DD, the normal rated generator capacity, kw., 
536000 h.p. The lower the three lines any point the 
maximum power output the station. Thus will seen that 
low-water periods the flow the river limits the station capacity 
(A, and A,); intermediate discharge, the generator capacity 
limits and R); and high-water periods the turbine capacity 
the controlling feature Q). The resulting minimum capacity 
represented the shaded line. The line, CC, the adopted minimum 
station capacity 300000 e.h.p., represents the line perennial 
power, sometimes called “primary power,” that which deliverable 
with reasonable certainty under all conditions. 
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The shaded line, nearly all places, far above this line, CC, 
indicating that much surplus power would available certain 
seasons the year customers could found whose operations could 
temporarily suspended during floods and during extreme low water. 

Thus will seen that, during practically all February, March, 
April, August, September, October, November, and December, 
months the average year, total 536000 e.h.p., e.h.p. 
surplus secondary power, could have been delivered the switch- 
board without any additional capital investment. 

During the summer irrigation season nearly months, much 
500000 h.p. addition could developed initial cost 
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about $44 per h.p. and furnished about $4.50 per horse power-season. 
This power could transmitted along the river for pumping arid 
lands both Oregon and Washington. this power that the 
United States should interested in; and this the reason that the 
Reclamation Service should co-operate the investigations. (The 
writer has been assisted working out the technical details this 
project Messrs. Harza and Heineking.) 

The proposed dam will flood about miles the navigation canal 


which now being constructed the United States cost 


several million dollars. The lower miles, containing three locks, 


will utilized connection with the proposed power project, the boats 
entering the stream immediately above the dam and proceeding the 
wide open river. low stages, ft. water will found above 
Celilo Falls. Owing this saving construction cost, the ease 
with which boats can the wide river, place the long, narrow, 
shallow canal, believed the United States should not only co- 
operate the investigation the project, but also its construction. 

When this navigation canal was projected there was prospective 
market for 536000 h.p. To-day believed that the entire quantity 
could disposed within short time after the completion the 
plant, and new industries not now located the Northwest. The 
construction this project would mean the investment perhaps 
$100 000 000 new capital this district, besides affording profitable 
employment thousands laborers, and add greatly the taxable 
wealth the State. 

This statement relative market based correspondence with 
large power users different parts the world. The representative 
certain foreign capital has examined all power possibilities the 
Coast, including this one. After going over the proposed proj- 
ect, briefly outlined above, agreed recommend his company 
the purchase 240000 h.p. per horse power-year, delivered 
the low-tension bus-bars the generating station, putting $200 000 
surety bond, provided the State would contract for years, the power 
used making fertilizer from the air. 

This sale alone, amounting per annum, would fully 
finance the entire project for the development 536000 h.p., paying 
interest, depreciation, operating and maintenance expenses, carefully 
estimated probably true that some the remain- 
ing power could disposed from $30 $50 per horse power-year 
the railway lines this vicinity, but only very limited market 
could found such figures. This one plant could supply city 
thirteen times the size Portland to-day, one nearly 000 


inhabitants. Forty hence the population Portland may reach 
this figure. 
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FOR CO-OPERATION. 


Lewis. 


One-half the bed the stream, and the water, subject the 
control either State, and the United States controls all matters 
relating navigation. 

Private capital would have extreme difficulty negotiating with 
these three agencies, and would run considerable risk through subse- 
quent legislation detrimental their interests. 

The Oregon Legislature recently came within few votes im- 
posing heavy annual license tax for regulation purposes all vested 
water-power companies, and the Washington Legislature has now under 
consideration bill providing for the forfeiture water rights that 
State electricity from plant now under construction transmitted 
across the river for sale Oregon. 

Oregon now limits franchises the use water for power pur- 
poses years, and imposes annual tax from cents 
per horse power-year, depending the percentage power appropri- 
ated which put beneficial use. Partly for this reason, power plants 
prefer locate just over the line Washington. The United States 
would probably insist some different franchise limitation, and the 
payment heavy charges the Federal treasury for revenue for 
the improvement the stream. The State charges alone, the 
annual the Federal treasury, would defeat this project, 
there even yet market for this power except extremely low 

The limit for fertilizer works is, perhaps, $10; for iron and 
steel works, $7; for aluminum, alkali, and works, 
$10; and cost less for heating purposes. Much power could used 
heating retorts for the distillation waste wood products, each 
cord which, stated reliable authority, there $18.40 value, 
follows: 

gal. turpentine, at, say, cents.... $1.20 


$18.40 


The utilization this waste wood would thus greatly stimulate the 
development our already extensive lumber business, and the making 
pig iron the electric furnace would afford market for the char- 
coal thus produced. 

Pig iron now being produced successfully Heroult, Shasta 
County, Cal., where plant has been operation for the past six 
years. stated good authority that the experimental stage 
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this industry definitely past, and the recent enlargement the plant 
appears confirm this fact. 

Electrical metallurgists, such Heroult, are now very confident 
that, when the new method installed large scale, will 
feasible attain yield kg. pig iron per horse power-day. 
Under such conditions, current per horse power-year could com- 
pete with coke. 

such rates there could but little any profit for private capi- 
tal the electrical end the business, and few enterprises which 
have but recently passed the experimental stage can afford risk 
$23 000 000 power plant order get small block cheap 
power. The present retail power rates this vicinity vary from $74 
$460 per horse power-year, and thousands horse power the State 
can developed and delivered consumers reasonable quantities 
perhaps $15 $25 per horse power-year. With the opening the 
Panama Canal, believed that the development and sale power 
the public little, any, profit will far more stimulate 
industry and promote the peace and general prosperity and welfare 
the people the Western States than can ever accomplished 
through irrigation, and that, without such public development and 
distribution power, this development will forever denied this 
section the United States. 

For the same reason, therefore, that the United States was com- 
pelled into the irrigation business order dispose its arid 
lands, and for the same reason that the State now planning co- 
operate with the United States the irrigation and colonization 
both and private lands, the State and Nation must into 
the power business its untold wealth water-power resources 
ever put use. Oregon, more than h.p. going 
waste the streams, produce which steam engines would con- 
sume $144000000 worth coal annually. This economic waste 
enormous. Why should Oregon impose heavy taxes power develop- 
ment and the companies pass this the people, thus maintaining 
power prices the same coal-producing regions, when, basing 
the price cost construction, power could sold such low 
rates give the western section tremendous advantage over the 
eastern section which has enjoyed for years unfair economic ad- 
vantage over the Northwest having cheap coal? 

The capital now invested the exploitation the natural fertilizer 
deposits Chili would require capital invest- 
ment $860 000 000 assure the production equal quantity 
artificial fertilizer from the air means the electric furnace, assum- 
ing that cheap power were available.* proposed that Oregon 
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adjust her laws compete with the world attracting these new 
Lewis. 


industries. 

makes little difference whether the State the Nation backs the 
bonds for irrigation works, long such works are built speedily 
and economically, and the lands are colonized that the money 
returned with interest. Likewise, makes little difference who owns 
the land the water feasible power sites, long these sites are 
developed economically and the power put use. Co-operation for 
the speedy construction these projects should the aim all, 
leaving the control the State the Nation proportion the 
funds advanced. waste time talk about State National 
control this stage. These matters will all adjusted later. 


TERRITORY AFFECTED COLUMBIA AND MISSISSIPPI RIVER 
POWER PROJECTS. 


ADVANTAGES 


There are many advantages co-operation. From Fig. will 
noticed that approximately 2000000 h.p. can developed the 
Columbia near The Dalles, during June each year. When the 
Columbia River low stage, almost all the other rivers the 
Northwest are high stage. Power from this plant could trans- 
mitted, from 300 400 miles, prevailing commercial rates, 
other cheap power were available. From Fig. will observed 
that the entire Northwest falls within radius 300 miles from The 
Dalles. The demand for power this territory varies from hour 
hour, and from season season, with great fluctuation stream 
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flow. having all plants this section tied into one system, sup- 
plying all consumers, tremendous economic advantage will result. 
individual State can ever accomplish such comprehensive scheme, 
nor could the United States acting alone. Any independent action, 
either State Nation, will result endless complications, such 
are already beginning felt the Northwest through the divergent 
laws and interests different States. 

Private capital aware the economies attained consolidation, 
but the people favoring public owership and control are many years 
behind the times. Fach town attempting supply its own citizens 
for special uses. result, from two four times the necessary 
machine capacity must installed carry peak loads, and the plant 
practically idle for large part the time each day. The cities, 
perhaps, can take care local distribution, but the States and the 
Nation should take care the generation and transmission power. 

The information Fig. relative the Mississippi plant 
Keokuk, was furnished the Keokuk Industrial Association, and 
intended show the very great territory affected cheap power. 
According this authority the 200000 h.p. developed the 
Keokuk plant will cost $125 per h.p., comparison with $77 estimated 
for the Columbia River plant. The difference cost prices which 
power could sold from these plants will, for some products, more 
than equal the freight rate from Portland Chicago. 

the Eastern States, where water power somewhat limited, 
and where all the people cannot enjoy equal advantages from the 
distribution power low prices, may found better policy 
impose annual charges water-power companies, offset 
the special privilege enjoyed such companies competition with 
power produced from coal, the revenue thus secured going reduce 
the general burden taxation. thorough consideration, the water 
powers all sections the United States may found ample, 
that the same policy could adopted for the Nation whole, 
using Government coal burned the mine supply cheap power 
those sections unfavorably located with respect cheap water power. 

The present era unregulated competition must come end 
the near future. its place will have National water-power 
trust, either private control. water-power expert who 
familiar with hydro-electric power conditions throughout the world 
recently expressed surprise the extensive development water 
power California and the very limited market. The writer has what 
plant now under construction within 200 miles San Francisco 
which expects eventually deliver power that city $10 per 
horsepower-year, less than can supplied its nearest com- 
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The result inevitable. The water-power trust must pur- 
chase this plant, sooner later, thus adding additional equipment 
which not needed the present time, and the people will have pay 
dividends such “hold-up” prices. Owing such extravagance, 
which the company control, power rates cannot 
greatly reduced stimulate sales, and the new industries requiring 
large quantities cheap power cannot secure foothold such 
State. 

Mr. Cory has had wide experience railway work. admits the 
handling reclamation work the Reclamation 
Service, saying that the “Reclamation Service gets more actual work 
done for dollar than the Harriman Lines do,” certain cases com- 
ing under his observation. says: 


“Such result due the fact that National politics has been 
eliminated from the Service, but still affects the Harriman Lines 
somewhat; that the Director the Service has more authority and 
freedom using his individual judgment than even Mr. Lovett the 
railroads has, let alone the local presidents; that the head officials, 
and consequently the general ideas management these railroads, 
have been changed, and the Director the Service has not; that there 
much less internal the and the Service organiza- 
tion and work, yet least, has not brought about the sharply drawn 
lines cleavage between various departments and the leveling routine 
‘common standard’ methods, channels communication, limita- 
tions, perogatives, ete., the railroad.” 


The writer has had several years’ experience engineering work 
for the Harriman system, has served the Reclamation Service 
for about the same length time, and for the past eight years has 
had charge water right and irrigation matters for the State 
Oregon. thoroughly conversant with the value system, and 
thoroughness the perfecting large organization for com- 
plicated technical work. also aware the instability the 
average legislature, and its lack respect for stability and permanence 
organization. Often the person seeking job has more influence 
with the State Legislature, through influential members, than 
sponsible State officer elected the people and under bond perform 
his duty. There opportunity State work for young person 
enter the service life Merit not, and 
be, rewarded under such unstable system with frequent changes. 
Where work intrusted board, and new officers are elected every 
few years, conscientious officer likely see years patient work 
along some definite policy destroyed the adoption some new and 
course action which the inexperienced majority hon- 
estly believe the best, least the best for personal political 
reasons. Salaries are never equitably adjusted. 
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Work. 


With this experience private and public work, the writer had 
come the same conclusion Mr. Cory with respect the success 
Government irrigation. The criticisms offered the general public 
are usually minor nature, and little ever heard real engineer- 
ing mistakes. The present difficulty the Service colonizing its 
lands can easily overcome through co-operation the part the 
States which are most vitally interested. This the weakest part 
the Reclamation Act. 

Believing that preferable expand existing organization 
which has already made success its work, than create new and 
independent organization work complicated field without har- 
monious relations with the larger organization, the writer now 
urging co-operation between the State and Nation the construction 
both irrigation and power projects. 

having local man representing each State, active co- 
operation with the Federal Bureau, many the objections now urged 
against the Washington Department will soon overcome. will 
far easier overcome these minor objections administration than 
create new bureau. Stability organization, and the following 
out fixed policy through many years until the funds advanced 
are actually returned with interest essential development 
large scale. the States put one-half the money for such work, 
closer scrutiny all expenditures will had, and funds will not 
invested particular projects for political reasons only. 

would thus appear from the very close relation between irrigation 
and water power, from the very wide range over which electric power 
can transmitted, and from the innumerable legal and practical com- 
plications, that extremely unlikely that the United States will ever 
turn over the individual States her undeveloped water powers; also, 
believed that such action far more confusion than 
the policy co-operation for the immediate development both 
power and irrigation possibilities without regard State lines. 


CoNCLUSION. 


closing this discussion the question State and National 
water laws, the writer wishes urge all engineers the importance 
studying the question from the standpoint what the laws ought 
be, stimulate investments works for the utilization water. 
The lawyer paid protect private rights, and ascertain what the 
law is. His experience and training totally unfit him for the important 
duty framing constructive water legislation. Engineers, perhaps, 
are more responsible for the present condition water laws 
than the members any other profession. 
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The present law very unsatisfactory, from the standpoint 


investor. There must some Governmental agency which can 
ascertain what the law is, how much water any stream 
already vested, the extent surplus water belonging the public, 
and what procedure must followed establishing definite right 
such surplus. must also have assurance that when his money 


invested, the State the Nation will protect him his right, and 
not leave him wage unequal fight the Courts, with perhaps 
great commonwealth the Union with one the National bureaus 


interested the stream. 

proper this time, and within the province and scope 
the work the Society, the writer would like suggest that, soon 
convenient, the President the American Society Civil Engineers 
authorized and directed appoint commission engineers 
draft law dealing with interstate and National problems relating 


water, and publish such draft soon possible for comment and 
criticism. the close such discussion, perhaps the same commis- 
sion should reconsider such proposed law the light 
any criticisms offered, and present the same some appropriate 
time for adoption the Society. Such bill could then forwarded 
Congress and might serve the foundation for needed constructive 
water legislation. 

programme this nature would greatly stimulate research and 
study along this line, promote discussion, and serve educate the 
public the necessity for reform both State and National 
water laws. 
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PAPERS AND DISCUSSIONS 


This Society not responsible for any made opinion expressed 
its publications. 


THE ECONOMIC ASPECT SEEPAGE 
AND OTHER LOSSES IRRIGATION SYSTEMS. 


Am. Soc. (by letter).—In closing the dis- 


cussion this paper, the writer notes that some who have taken part Hopson, 


therein have expressed the opinion that certain localities, with 
which they are familiar, conditions would not warrant the cost pro- 
tecting ditch systems against seepage losses lining. the paper 
the writer has only attempted indicate that, under certain conditions, 
such lining warranted, and that the conditions requiring lining 
are tending increase each year, judging the matter entirely from 
the economie standpoint. 

making this statement well understood that, with low- 
priced crops, reasonably tight soils and subsoils, and abundant 
water supply, the extra expense placing concrete the canals 
unwarranted. few years ago such action would have been con- 
sidered unwarranted almost every case. The writer has endeavored 
illustrate the changes opinion that are being forced more 
straitened conditions water supply, irrigation development pro- 
ceeds and the available lands are being more fully utilized, giving 
example important project, the feasibility which has mainly 
depended the use the water supply, only possible 
the avoidance waste seepage the beds the canals. 

lining irrigation laterals, attention called 
the necessity making careful selection the ingredients the 
conerete. The writer has had experience ditch lining which has not 
fulfilled the purpose minimizing seepage, mainly due the use 


*Continued from January, 1913, Proceedings. 
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coarse aggregates the concrete itself. Coarse aggregates give 


concrete which, possibly, entirely satisfactory, from the standpoint 


strength and durability, but relatively porous. selecting the aggre- 
gates, believed very important obtain well-graded mixtures 
containing sufficient fine material furnish dense water-tight con- 
crete, using the term “water-tight” the relative sense. little care 
making the selection and grading can generally expected give 
good results. 
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AMERICAN SOCIETY CIVIL ENGINEERS 


INSTITUTED 1852 


PAPERS AND DISCUSSIONS 


This Society is not responsible for any statement made or opinion expressed 
in its publications. 


SPECIFICATIONS FOR METAL RAILROAD BRIDGES 
MOVABLE VERTICAL PLANE. 
Discussion.* 


tions for Bridges Movable Vertical Plane” are quite complete. 
the following the writer suggests few insertions which would 
eliminate possible misunderstandings; questions the advisability 
number unusual limitations; and brings one general question— 
the greatest power assumed being exerted the motors, 
the the machinery hold it, point which there 


MANNER 

The classification the materials detail for payment very 
good, and preference the more general 
classifications that are frequently used. would advisable 
Paragraph exclude from the machinery—in addition the elec- 
motors—all gas and steam engines, together with their equipments. 
These are usually purchased the bridge contractor, ready for opera- 
tion. the weights are not ordinarily hand for estimating, 
would preferable and more convenient place lump-sum price 
each, with its equipment. 

Paragraphs and would preferable omit 
“sockets” from Paragraph and include them Paragraph with 
wire ropes, they are furnished and attached the rope the wire 
rope 

Paragraph probably the intention Paragraph taken 
connection with Paragraph that attached machined parts, such 
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sleeves, bronze bushings, for movable joints links 
and similar members, weighed separately and classified ma- 
chinery. note added this paragraph would prevent any mis- 
understandings. 

Similarly, Paragraph 10, advisable add that “tread- 
plates” are included with the segmental and horizontal girders. 

Several minor items not mentioned for payment are: Operator’s 
house with its fixtures, machinery housings, and lumber, each which 
should paid for separate lump-sum prices. (Structural steel 
operator’s house, machinery housings should classed with struc- 
tural steel.) 

Gas-pipe railings, which are usually expensive, should paid for 
separate price per pound, the size railing being specified. 


MACHINERY. 


Paragraph pins, and shafting more than in. 
diameter shall forged structural questionable whether 
enough good comes from this low limitation warrant the additional 
expense and delays incident getting them. The writer has used 
the rolled rounds and in. with entire satisfaction. 

Paragraph 39.—In limiting pinions forged steel, would 
necessary make exceptions for those unusual size, allowing them 
cast. Exceptions should also made the cutting; and cast 
teeth should required when the pinions mesh with cast teeth, 
would the case where pinions mesh with the racks. 

Paragraph shall secured split pins put through the 
This may interpreted two ways: general note for 
all bolts; only for those where nuts are apt work off. make 
general requirement would unnecessary expense, and sug- 


gested that they used special cases only where requested the 
engineer. 


bridge companies have standards for keys, which they are accus- 
tomed, and which approximate very closely those outlined, would 
preferable make the specifications little more flexible, permitting 
their use when acceptable the engineer. This should not objection- 
able, the theoretical requirements are taken care under Para- 
graph 56. Gib heads keys are not always reliable, they fre- 
quently break off. Further, gib-head keys are not simple make 
and fit those without. Much better results would obtained 
requiring keys placed that they can backed out, using 
the gib-head keys only where this cannot done. 

Paragraph shall held place This 
seems unnecessary general requirement, view the fact 
that the machinery ought charge competent man who 
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should over frequently enough detect any key which might 
working out. doubtful key that would work loose would 
held long set-screw. Where keys might readily drop out, should 
they loose, the vertical shaft, effective means 
should used for holding them. 

Paragraph paragraph limits the use Babbitt metal 
shafts in. less diameter. When the working pressures not 
exceed 500 per sq. in., Babbitted bearings are entirely satisfactory 
for the larger ones, are easy running, economical, and 
replace. 

Paragraph covers shall provided for principal bear- 
ings, particular for trunnions” (where shown general plans). 
very desirable, from point view, have 
these least indicated where required, and suggested modify 
this paragraph adding the words: “Where shown general plans.” 
This also referred when Paragraph 93a. 

Paragraph 86.—Taking care the effect key-ways, could also 
excepted for overhanging shafts, which case the maximum moment 
the center the bearing where key-ways are cut. 

Paragraph paragraph limits gear teeth 20° involute. 
The differences and relative advantages the and 20° involute 
teeth over one another are not sufficient exclude one the other. 
the past, the 15° involute was the commonly used, and hence 
more bridge shops are equipped cut them. change means large 
expense, which out proportion the advantages gained. 

Paragraph paragraph limits the angle thread worm 
gearing 20° minimum. far wear and efficiency are con- 
cerned, angle thread from 15° gives very satisfactory 
results, and ought permitted. The use which the worm gearing 
put also governs, some extent. the span were coasting, wheel 
the main train gearing would necessity turn the worm. The 
writer has data just what this angle would be. 

Paragraph writer has frequently used 24-toothed worm 
wheels, and knows some 21-toothed wheels service, working satis- 
factorily. would seem that minimum might high. 

Paragraph 93a.—The contractor should asked furnish only 
such safety guards are shown the general plans. include 
all, from general clause such this, may mean much little, 
depending the engineer charge. The addition these, changes 
their location after the detailed plans are completed, 
variably costs the contractor more, his drafting department, than 
would take care entirely the bridge site after the erec- 
tion the work. would far more satisfactory the contractor 
the safety guards referred Paragraph 93a, the dust covers 
Paragraph 77, and railings general which are not shown the 
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plans, were taken entirely the purchaser. the end, 
would the more economical the purchaser, would ordinarily 
avoid delays, removing uncertainties, and they would unquestionably 
more suitably placed. 


Paragraph not definitely permitted, the writer 
would infer from this paragraph that racks with their pinions are 
have cast teeth. 

Morors. 


Paragraph the motor shall ample capacity 
move turn the bridge the required speed. All machinery parts 
shall designed with sufficient strength resist the greatest pressure 
which can exerted the motor.” very desirable that method 
obtaining the horse-power the motors from the torque curves 
Paragraph 31, fixed the specifications; and, further, any 
additional allowance power made for margin safety, 
should stated. The fixing this essential another important 
requirement: The designing the machinery enable resist 
the greatest pressure which can exerted the motor. 

The assumptions made for take care hold- 
ing the motor are many, and would advisable have fixed 
the specifications. very desirable have definitely fixed how 
the over-loads which the motors must stand should taken 
the machinery, giving permissible increases the unit stresses, ete. 
These over-loads for which the motors are good are large, given 
Paragraph 173. 

The design the machinery largely dependent the assump- 
tions made for these two items, they being somewhat dependent 
each other. very desirable, therefore, that they given explicitly 
the specifications. 

common method taking care the two items make 
the horse-power the motors sufficiently large, using the maximum 
torque, given Paragraph 31, and the maximum speed basis 
for getting the horse-power. All machinery proportioned for the 
normal torque the motor, and, low unit stresses are used for 
the machinery, there doubt that the machinery will hold the 
motor. There may times, electrically operated, that the higher 
starting torque may increase the unit stresses used, but this can 
regulated having the circuit breaker arranged that the 
time for opening closing will approximate the time. 

More accurate methods may devised, depending the actual 
torque curves the motors, but this objectionable, the motors 
are usually the last thing ordered and wanted; and, further, would 
delay the progress the design too much get these the start. 
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Paragraphs 166 last sentence each these para- 
graphs requires the contractor furnish work-bench with full set 
machinist’s tools, ete. would preferable have these fur- 
nished the purchaser, the exact needs could then taken care of, 
this being dependent, some extent, the operator and the proximity 
good machine shop. objectionable the contractor fur- 
nish these, the final cost uncertainty, because uncertain 
requirements; further, when they are furnished with the bridge, they 
are usually carried away some one before bridge taken over. 

Paragraphs 197 and special requirements city codes 
for the installation, the bridge subject city authority, 
any Government other harbor special requirement for channel 
lights and signals, should preferably furnished the purchaser 
the time asking bids. The purchaser usually better position 
get this information, and means saving considerable trouble 
each the bidders. 

Paragraphs 160 220.—It would very desirable, from 
tractor’s point view, Paragraphs 160 220, covering power and 
operator’s house equipment, were divided into three distinct and sepa- 
rate clauses: One for steam-engine equipment, one for internal-com- 
bustion motor equipment, and one for electrical equipment. The 
specifications are nearly this order present. The separation 
desired for simplicity and make unnecessary pick out the parts 
that might interpreted being required. 

These specifications cover first-class bridge which would used 
main line railroad over stream where navigation requires 
frequent opening. supplement might profitably added, waiving 
the design and workmanship the ma- 
chinery and equipment, for economical purposes, for bridges not 
main line, for those which are not opened frequently. 

conclusion, the writer would add that one essential feature the 
suecess movable bridges, which not enough attention ordinarily 
given, the erection. Many the troubles ordinarily credited 
other sources would eliminated entirely good competent ma- 
chinist, familiar with this class work, were added the regular 
forees, superintend the installation the machinery. 

express his appreciation the discussion his paper, and offers 
the following notes some the points brought out. 

result the and the writer’s experiences since the 
paper was written, the specifications have been revised and are pre- 
sented separate form. 

Taking Mr. Smith’s 

Paragraph 55.—The writer sees objection other forms keys, 
provided they are the right proportions. However, tapered key 
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with moderate slope, and held through the hub, 


quite adequate. The specifications have been modified allow the 
use other keys. 

Paragraph 92.—The writer believes that the only justification for 
using worm gear, the bridges covered the specifications, for 
the purpose getting large reduction limited space where 
train gears could not used. For this case, efficiency more 
importance than the holding power the worm. swing bridges the 
worm has been used raise the ends the bridge; here the holding 
power much importance. 

Paragraph writer does not believe advisable look 
the handbooks wire rope makers for the proper diameter 
sheaves for counterweight cables. seems that rational theory which 
gives safe design preferable tabulated empirical data. 

The writer’s knowledge concerning wire rope not extensive enough 
say just where rope will break. Apparently, should break where 
starts bend over the sheave. Over the sheave, the frictional resist- 
ances the rope the sheave groove probably strengthens the rope. 
Over the sheave, the rope subject radial which modify the 
conditions. 

Paragraph character the stresses gear teeth their 
contact unknown. Line contact with sliding found; the intensity 
the stresses between any two bodies pressed together line not 
known. This the problem designing roller for heavy loads. The 
best pair meshing gears, according the writer’s experience, that 
wooden-toothed bull-wheel and pinion. 

Teeth designed the Lewis formula seem satisfactory. 
the writer’s experience, teeth seem break instead wearing out. 
Recently, the horizontal rack rolling lift bridge under the writer’s 
several teeth were broken account the sudden application 
the brakes; the material was cast steel. 

For other points Mr. Smith, the specifications have been 
modified. 

Referring Mr. Mercer’s discussion, the following views are 
presented 

Paragraph 21.—In rolling bascule bridges, pure rolling not found. 
For the full roller, flange used; for the segmental roller, teeth 
the track. Hence, there some sliding friction. Moreover, there 
considerable deformation, which becomes partly permanent. one 
under the observation the writer, the rolling structure refuses 
close without.the application extra torque; this due perma- 
nent deformation the end the track. Some rolling structures are 
not precise their movements; the free end forced sidewise into 
its closed position guides. lieu more exact knowledge, the co- 
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efficient workable one. coefficient for pure rolling 
added. 

The coefficient for stiffness wire rope not well The 
efficiency wire rope belt over two pulleys may equal 96%, 
journal friction. *Eytelwein’s formula 


rope, and that the sheaves, both inches. the weight 
lifted. The pull, which lifts the weight, must equal can 
taken The specifications are revised accordingly. 

The ratio the diameter the sheave that the rope the 
Halsted Street lift Chicago 90. After years service, the 
ropes were still use. high ratio should used limit the fric- 
tion, and consequent wear, between the wires. paragraph has been 
added the specifications cover this. According Rankine, for 
ratios above 140, the effect rigidity negligible. 

Paragraph 22.—Journals are not subject the high pressure found 
trunnions; the coefficient starting not great. Again, there 
some play train gears, and the motor the initial 
journal friction before the initial trunnion friction comes into play. 


Paragraph 23.—It desirable define clearly the line between the 
designer and the fabricator. The writer 
the writer has found necessary 
designers. 


accepts revision. However, 
make specifications for the 


Paragraph 36.—The writer the use softer phosphor- 
bronze instead harder steel. 

Paragraph 168.—The writer has one swing bridge operated 
gasoline engine. The rail-locks 


are the sliding-sleeve type, and are 
actuated the engine. 


The gasoline engine not suitable type 
prime mover for bascule bridge; does very well for lift, placed 
the moving span, and this position made operate 
end-locks for rails and ends span. 

For bridges the type herein discussed, sliding rail-locks may 
dispensed with. The writer has devised lock which holds securely 
the ends the rails, and bridges the gap between the shore rail and 
the bridge rail, and machinery necessary for its operation 

Paragraph 192.—The writer not prepared give specification 
for submarine cables. the practice the railroad company with 
which connected furnish the cable, because such contains 
the wires for signal, telegraph, light, and telephone services, well 
power wires for the bridge. 

Paragraph 197.—The writer believes that the National Electrie Code 


represents good practice. Every bridge has operator’s house, 


Kennedy’s Mechanics Machinery,” 4th Art. 80. 


References 
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power station, which part the electric equipment installed. 
Obviously, the installation the house should first class, from 
fire-protection standpoint. 

There are many excellent provisions the Code which should 
used any first-class electric installation. The character and installa- 
tion breakers, fuses, switches, motors, ete., are important. 
cover all these points specification would useless repeti- 
tion what already recognized first-class practice. Hence, mere 
reference the Code should 

Paragraph writer believes that the suggestions for 
phosphor-bronze are excellent. The physical qualities phosphor- 
bronze suitable for heavy bearings seem somewhat unknown. 

The writer has under observation trunnion which became abraded. 
The phosphor-bronze showed permanent set 0.06 in. 
cube under load. Another, and similar, case has 
Hence, seems that somewhat softer phosphor-bronze more suit- 
able. The specification suggested adopted. 

The writer has not commented all the points raised Mr. 
Mercer. Nearly all those omitted have been adopted the 
specification. 

Referring Mr. Reich’s the suggestions are excellent, 
and the writer has adopted most them the revision. 

Paragraph metal gives good results properly poured, 
but where accuracy alignment and correct relative position the 
machinery parts are maintained, bronze and brass linings are 
better. 

Paragraph proper angle obliquity involute teeth 
still unsettled, although the matter has been before the American 
Society Mechanical Engineers for several years. For angle less 
than 20°, necessary modify the outline, avoid interference. 
Even for 20°, slight change must made for pinion teeth 
less meshing with rack. 

The writer finds that the special gear-cutting concerns readily un- 
dertake cut gears any obliquity without much extra expense. 
*The present trend toward angle 20° standard. 

92.—For worm gears, used bridges the character 
specified, efficiency more importance than holding power. 
angle thread 20° about the lowest limit for loss per 
cent. 


Paragraph writer has attempted the revision clear 
the question designing for excess torques. 

The use the term somewhat misleading. 
better specify the capacity motor naming 


the American Machinist Gear pp. 26, the subject fully discussed. 


Mr. 
Leffler. 
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able torque should exert for given time, say twice the normal 
variable torque shown the torque curves for cycle operation. 

The writer believes that the torque curves should worked 
quickly possible. This necessary for the correct determina- 
tion the gear ratio, and the capacity the storage battery, this 
intended the source power. 

Regarding specification for bridges minor importance; 
the writer’s experience that such bridges give the most trouble 
maintenance. Any power-operated bridge should opened least 
once week, order keep the parts smooth running condition. 
movable bridge, fulfill its purpose, must first-class condi- 
tion continually, even seldom moved. After number years 
experience maintaining movable bridges, the writer’s opinion 
that impossible keep power-operated bridge too efficient. 

The writer begs submit demonstration the formula for the 
bending wires, given Paragraph 38. This largely academic 
interest. Trenton Company, its “Wire Rope Book,” 
gives formula which is.intended serve the same purpose. 

attempting reduce the Trenton formula, was found 
erroneous. *Further investigation led the derivation the formula 
given Paragraph 38. the deduction slightly different limiting 
value the angle adopted. This gives closer approximation. 

The Deduction the Value Paragraph 138.— 

Proposition.—A wire bent over sheave through small angle. 
Determine the least radius curvature, the bend. 

Let Fig. represent the conditions, considerably distorted for 
purposes reasoning. 

For practical purposes, the angle between the straight parts 
the wire. 

Let Moment inertia the wire. 

Bending moment the wire any point. 

Length curve, measured from the axis. 


EI. 
Now, calculus, 


than degrees. Equation (1) never exceed cosec. 


value, less than its cube will practically constant, say 


Private correspondence, dated May 1912, with Mr. William Hewitt. 
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Equation (7) the equation the elastic curve. 
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cot. 


Equation (7) now becomes 


cot. 
cot. 


the axis. 
Equation (la) now becomes, for the axis, putting 
cot 


cot. Va cos. @ Ww 


This the least value the radius curvature. 


the limiting values are and cosec. 1.10, will 


assume average value for 1.05, hence, was called 
b, Vb = 1.08. 
Again, never less than 65°, the average value its sine can 
taken 0.953. 
1.08 0.976 1.054 
\gain 


close enough take 


R = 


cos. 
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REVISED SPECIFICATIONS FOR RAILROAD BRIDGES 
MOVABLE VERTICAL PLANE. 


1.—These specifications are intended cover bascule bridges, which 
are such rotate about horizontal axis; and vertical lifts, which 
are those which successive positions are parallel. 

Contractor shall place and fasten permanently all ties, 
rails, guards, and other deck material. Usually, the Railroad 
pany will furnish all the deck material except rail-locks, rails which 
must fabricated fit locks, and special devices hold the deck 
place. 

complete general proposal plans are furnished the Con- 
tractor, shall responsible for only the material and character 
the workmanship and installation. for any parts the 
design not covered the proposal plan, and for which the Contractor 

4.—Unless otherwise specified, the electrical equipment 
clude all electrical parts to, and including, the switch-board. 
trical equipment carrying the current the switch-board from the 
source power will covered separate contract. 

5.—The specifications the New York Central Lines for Steel 
Railroad Bridges, for 1910, shall 
noted herein. 


apply movable bridges, except 
MANNER 


eccentrics, trunnions, and their cast supports, 
shafting, pistons, gear wheels, racks, boxings, bearings, couplings, 
disks, cast sheaves and wheels, worm gearing, valves, pins about the 
axis which the connecting members rotate, whistles, 
end bridge-locks, rail-locks, indicators, axles, hooks, wrenches, 
and similar parts machinery which require machine-shop work, 
shall classified machinery and paid for common price per 
pound. motors, other prime movers, are not classified 
machinery. (11). 

large sheaves vertical lift bridges the webs and dia- 
phragms which are built with plates, angles, and rivets, shall 
paid for separate price per pound finished weight, including 
casings and fastenings trunnions. 

compressor tanks and steam boilers shall paid for 
separate price. 

ropes and and their sockets shall paid for 
separate price per pound. 

10.—The pins, equalizing levers, and cable attachments 
trusses and counterweights shall paid for separate price per 
pound. 

11.—Structural steel supporting the machinery proper, counter- 
weight frames, counterweight trusses, steel operator’s house, towers. 
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and links, shall classified structural steel and paid for 
the same price per pound for the span itself. Attached ma- 
chine parts, such sleeves, bushings, shall classified 
machinery. (6). 

12.—The operator’s house, except for the structural steel therein, 
shall paid for lump-sum basis. 

13.—Structural steel which can fabricated the common 
shop methods, punching, reaming, drilling, shearing, planing, ete., 
usually done for stationary structures, shall classified 
structural steel and paid for the same price per pound for the 

14.—Segmental girders rolling bridges and 
zontal girders which they roll shall paid for separate price 
per pound. This does not include any bracing, floor system, other 
structural members which may attached. Track plates shall 
included. 


15.—Hand-rail shall paid for separate price per pound. 

equipment, such wiring, switch-boards, control- 
lers, lights, blow-outs, cut-offs, solenoids, switches, motors, shall 
paid for lump-sum basis. 

17.—Internal-combustion engines and steam engines shall paid 
for lump-sum basis. 

18.—Cast-iron parts used counterweights shall paid for 
separate price per pound. 

19.—Conerete counterweights shall paid for price per 
cubie yard place. 

20.—It understood that any extra parts are needed, 
any question arises, all shall settled the pound price 
basis quoted and accepted for the parts question. 


GENERAL 


21—Self-centering and seating devices shall used the free 
ends the moving span. Holding and devices shall 
used for the free ends each truss. 

for bridging the gap between the shore rails and 
rails shall furnished the Railroad Company. Loose rails 
will not allowed. 

23.—Air buffers shall furnished the free ends the moving 
span. 

24.—The counterweights shall easily adjustable. Usually, this 
shall done adding taking away cast-iron parts, small con- 
crete blocks. 

25.—Metal stairways, with hand-rail, shall provided, for 
access the machinery, trunnions, and counterweights. The pipe 
shall weigh 2.68 Ib. per ft. 


Operator’s 
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Hand-Rail. 


Electrical 
Equipment. 
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Extra 
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weights. 
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Girders 
Rolling 


track girders rolling bridges shall symmetrical about the center 


26.—The reinforcements webs the segmental girders and 
planes the webs. The center planes the segmental webs shall 
coincide with the corresponding center planes the webs the track 
girders. That part outstanding leg angle, which be- 
yond the outside face the upstanding leg, shall not considered 
reinforcement. The width contact between the segmental webs 


(including the reinforcements) and the back the plates, shall 


equal the width the corresponding contact ack girder. 
Coefficients 


27.—In the resistances overcome the machinery, 
Friction for 


Moving Span the resisting forces shall reduced single force acting between 
the pinion and operating rack, the operating cable. de- 
termining this force, the following coefficients shall used start- 


ing the span, and, except for the stiffness cables, shall reduced 
one-half after motion begun. (44): 


For trunnion friction 
For rolling friction bridges with flanges, 
built-up segmental girders......... 
For stiffness wire rope per 180° bending: 
( 


28.—For solid roller, without flanges, contact with one 
surface only, the coefficient rolling friction shall taken equal 


Coefficients 
Friction. 


which the radius the roller, inches. 


29.—In figuring the machinery losses between the operating rack 


operating cable and the motor, the following coefficients shall 
used: 


For the efficiency any pair gears, journal friction 
not 


For journal friction. 


Losses worm gear for angle thread 20° 


30.—For sliding friction between plane surfaces intermittently 
such guides tower posts, the coefficient friction 
shall taken equal 0.08. 
31.—The time open the bridge after the ends are released shall 
approximately specified the proposal drawing. 
Inertia. 32.—The force necessary overcome the inertia and produce accele- 
ration and retardation for the time opening shall considered. 
The machinery shall capable stopping the bridge for 
this purpose, the coefficient friction the friction brake shall 
taken not less than per cent. 


Time Open. 
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33.—In the dead-load stresses the moving structural 
parts, for the various positions the open bridge, such stresses shall 
increased 25% allowance for impact. For stationary structural 
parts (as towers, and supporting girders rolling bridges), which 
moving structural parts are attached, which such parts roll, 15% 
the statie stress shall added impact. 
34.—In structural steel parts, where percentage the dead load 
statie stress added for impact, the unit stresses for stationary 
structures shall used; the impact percentages are allowance 
similar that provided impact formula for stationary railroad 
bridges. 
35.—In structural members subject reversal account the 
motion the span, the effect reversal shall neglected. The 
member shall designed for the stress giving the larger section. 
For riveted connections, the number rivets shall increased 25% 
over that required for the static stress plus impact stress. 
36.—The allowance for impact trunnions, cables, cable attach- 
ments, machinery parts, and structural parts supporting the machinery, 
taken lowered unit stresses. 
37.—The wind pressure assumed proportioning the ma- 
chinery moving parts shall lb. per sq. ft. the exposed sur- 
faces the moving parts projected any vertical plane. The 
machinery shall strong enough hold the moving parts any posi- 
tion for this pressure, and opening the bridge the 
specified time per sq. ft. wind pressure. 
38.—The structure strong enough resist wind pressure 
per sq. ft. any surface projected any vertical plane 
for any open position the moving span. The structure shall 
strong enough resist wind pressure per sq. ft. when the 
moving span the closed position. 
39.—The least wind pressure assumed the floor the 
moving span shall per sq. ft. for any position the span. 
For the vertical lift, this shall taken acting throughout the 
movement. 
40.—On the ordinary open-floor bridge with ties, the exposed sur- 
face wind shall taken equal 80% full quadrilateral having 
width equal the distance from center center trusses and 
length equal that the moving span. 
Contractor shall make complete detailed drawings the 
machinery, that any other shop can take them and duplicate the 
machinery. reference patterns individual shop practices will 
considered lieu the complete drawings. These drawings shall 
show general outline the assembled machinery. The drawings 
shall made tracing cloth, each sheet in. outside 
dimensions. These drawings shall become the property the Rail- 
road Company the completion the job. 
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42.—The Contractor shall furnish outline drawing the ma- 
chinery, which are shown the forces acting the gear teeth, the 
twisting moment and bending moment shafts, and other necessary 
information for checking the strength the machine parts. tabu- 
lation the formulas and methods shall shown com- 
plete enough allow them checked. 

3.—The Contractor shall show drawing curves the torque 
exerted the motor prime mover, follows: 


torque curve for acceleration and retardation; 

torque curve for the frictional resistance; 

torque curve for any unbalanced condition the structure; 

torque curve for the wind load; 

torque curve showing the greatest combination resistances 
acting any one time. 


figuring the friction starting (this being twice the run- 
ning friction), acceleration the moving mass shall considered. 
This friction shall considered reduced the running friction 
the first second after the power applied. (27). 

45.—If the Contractor furnish the design for the electrical 
equipment, such wiring, switches, ete., shall show curve 
the current required the motor overcome the various resistances. 
This for the purpose checking the carrying capacity wires 
and other parts, and determining the storage battery capacity. 

46.—The Contractor shall check the location the center gravity 
the moving span, including all parts attached thereto, and also the 
location the center gravity the counterweights, including 
counterweight girders and trusses, computations based accurate 
weights calculated from shop plans. shall submit duplicate 
sketches and copies these computations weight bills 
the Railroad Company for approval. 

47.—All bridges shall equipped with hand-operating mechanism. 
The number men and the time required operate shall esti- 
mated the assumption that the one man can exert lever 
lb. with speed 160 ft. per min. developing about h.p. For 
the strength the machinery, the power one man shal! 


OPERATING MACHINERY. 


48.—The parts shall simple design, and easily erected, in- 
spected, adjusted, and taken apart. The fastenings shall hold the parts 
place securely after they have been set. 

49.—Rolled forged steel shall used for bolts, nuts, keys, 
cotters, pins, axles, screws, worms, piston rods, trunnions, and crane 
hooks, any. 
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50.—Trunnions, pins, and shafting more than in. diameter, 
shall forged structural steel. Shafting in. less diameter 
may cold-rolled steel. 

cast steel shall used for levers, cranks, and 
connecting rods. 

steel, forged steel, shall used for couplings, end 
shoes, racks, toothed wheels, brake wheels, drums, sheaves, and hangers 
where the supported weight will cause tensile stresses. Large sheaves 
may built structural steel. 

53.—Pinions shall made forged steel and cut from the solid 
metal, unless such pinions are too large for forgings. 

54.—Sockets used for holding the ends wire ropes shall 
forged without welds from the solid steel. The equalizing levers, 
connecting the ropes the counterweights, moving span, shall 
forged steel. 

55.—Cast iron may used boxes for shafts in. less 
diameter, and which obviously carry light loads. Other boxes shall 
cast steel. 

56.—Cast iron may used cylinders, pistons, fly- 
wheels, and parts motors which are usually made cast iron. Cast 
iron shall not used for any trunnion axle supports. 

brass, and Babbitt metal shall used for 
the bushing lining journal bearings and other rotating sliding 
surfaces, prevent seizing. 

58.—Phosphor-bronze, only, shall used for bushing for the 
trunnions bascule and lift bridges, any large bearing carrying 
heavy loads. 

59.—The bushings for large bearings, such for trunnions and 
similar parts, shall held from rotating their casings. The force 
tending cause rotation shall taken one-eighth the load 
the trunnion bearing, and acting tangent the surface 
between the back the bushing and this force shall not 
considered counteracted any frictional resistances between bush- 
ing and shall practicable take out the bushing when 
the trunnion slightly lifted. 

60.—Castings which are attached rough unfinished sur- 
faces shall provided with chipping strips. The outer unfinished 
edges ribs, bases, shall rounded off, and inside corners 
filleted. 

Bolts and nuts, in. diameter, shall have 
Standard V-threads. Nuts and exposed bolt heads shall hexagonal 
shape, and eaeh nut shall provided with washer. the nut will 
come inclined surface, special seat, the top surface which 
right angles the bolt, shall cast built receive the 
nut. Bolt heads which are countersunk castings shall square. 


Cast 


Metal for 
Bushings. 


Castings. 


Bolts and 
Nuts. 


Ga 


/ ig, 


> 


484 REVISED SPECIFICATIONS: MOVABLE RAILROAD BRIDGES 


Girders reinforcements webs the segmental girders and 
track girders rolling bridges shall symmetrical about the center 
planes the webs. The center planes the segmental webs shall 

coincide with the corresponding center planes the webs the track 

girders. That part outstanding leg angle, which be- 

yond the outside face the upstanding leg, shall not be. considered 
reinforcement. The width contact between the segmental webs 
(including the reinforcements) and the back the tread plates, shall 

equal the width the corresponding contact the track girder. 

Coefficients 27.—In calculating the resistances overcome the machinery, 

the resisting forces shall reduced single force acting between 
and the pinion and operating rack, the operating cable. de- 
termining this force, the following coefficients shall used start- 

ing the span, and, except for the stiffness cables, shall reduced 

one-half after motion begun. (44): 


For rolling friction bridges having rollers with flanges, 

For stiffness wire rope per 180° bending: 


Coefficients 28.—For solid cast roller, without flanges, contact with one 
only, the coefficient rolling friction shall taken equal 
which the radius the roller, inches. 
29.—In figuring the machinery losses between the operating rack 
operating cable and the motor, the following coefficients shall 


For the efficiency any pair gears, journal friction 


30.—For sliding friction between plane surfaces intermittently 
lubricated, such guides tower posts, the coefficient friction 
shall taken equal 0.08. 

Time time open the bridge after the ends are released 

approximately specified the proposal drawing. 
Inertia. 32.—The force necessary overcome the inertia and produce accele- 
ration and retardation for the time opening shall considered. 
The machinery shall capable stopping the bridge sec.; for 
this purpose, the coefficient friction the friction brake shall 
taken not less than per cent. 
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33.—In calculating the dead-load stresses the moving structural 
parts, for the various positions the open bridge, such stresses shall 
increased 25% allowance for impact. For stationary structural 
parts (as towers, and supporting girders rolling bridges), which 
moving structural parts are attached, which such parts roll, 15% 
the static stress shall added impact. 

34.—In structural steel parts, where percentage the dead load 
stress added for impact, the unit stresses for stationary 
structures shall used; the are allowance 
similar that provided impact formula for stationary railroad 
bridges. 

35.—In structural members subject reversal account the 
motion the span, the effect reversal shall neglected. The 
member shall designed for the stress.giving the larger section. 
For riveted connections, the number rivets shall increased 25% 
over that required for the static stress plus impact stress. 

36.—The allowance for impact trunnions, cables, cable attach- 
ments, machinery parts, and structural parts supporting the machinery, 
taken care lowered unit stresses. 

37.—The wind pressure assumed proportioning the ma- 
chinery moving parts shall lb. per sq. ft. the exposed sur- 
faces the moving parts projected any vertical plane. The 
machinery shall strong enough hold the moving parts any posi- 
tion for this pressure, and capable opening the bridge the 
specified time lb. per sq. ft. wind pressure. 

38.—The structure sha!l strong enough resist wind pressure 
lb. per sq. ft. any surface projected any vertical plane 
for any open position the moving span. The structure shall 
strong enough resist wind pressure lb. per sq. ft. when the 
moving span the closed position. 

39.—The least wind pressure assumed the floor the 
moving span shall per sq. ft. for any position the span. 
For the vertical lift, this shall taken acting throughout the 
movement. 

40.—On the ordinary open-floor bridge with ties, the exposed sur- 
face wind shall taken equal 80% full quadrilateral having 
width equal the distance from center center trusses and 
length equal that the moving span. 

41.—The Contractor shall make complete detailed drawings the 
machinery, that any other shop can take them and duplicate the 
machinery. reference patterns individual shop practices will 
considered lieu the complete drawings. These drawings shall 
show general outline the assembled machinery. The drawings 
shall made tracing cloth, each sheet in. in. outside 
dimensions. These drawings shall become the property the Rail- 
road Company the completion the job. 
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42.—The Contractor shall furnish outline drawing the ma- 
chinery, which are shown the forces acting the gear teeth, the 
twisting moment and bending moment shafts, and other necessary 
information for checking the strength the machine parts. tabu- 
lation the formulas and methods calculation shall shown com- 
plete enough allow them checked. 

43.—The Contractor shall show drawing curves the torque 
exerted the motor prime mover, follows: 


torque curve for acceleration and 

torque curve for the frictional resistance; 

torque curve for any unbalanced condition the structure; 

torque curve for the wind load; 

torque curve showing the greatest combination resistances 
acting any one time. 


figuring the friction starting (this being twice the run- 
ning friction), acceleration the moving mass shall considered. 
This friction shall considered reduced the running friction 
the first second after the power applied. (27). 

45.—If the Contractor furnish the design for the electrical 
equipment, such wiring, switches, etc., shall show curve 
the current required the motor overcome the various resistances. 
This for the purpose checking the carrying capacity wires 
and other parts, and determining the storage battery capacity. 

46.—The Contractor shall check the location the center gravity 
the moving span, including all parts attached thereto, and also the 
location the center gravity the counterweights, including 
counterweight girders and trusses, computations based accurate 
weights calculated from shop plans. shall submit duplicate 
sketches and copies these computations accompanied weight bills 
the Railroad Company for approval. 

47.—All bridges shall equipped with hand-operating mechanism. 
The number men and the time required operate shall esti- 
mated the assumption that the force one man can exert lever 
with speed 160 ft. per min. developing about h.p. For 
the strength the machinery, the power one man shall 


MACHINERY. 


48.—The parts shall simple design, and easily erected, in- 
spected, adjusted, and taken apart. The fastenings shall hold the parts 
place securely after they have been set. 

49.—Rolled forged steel shall used for bolts, nuts, keys, 
cotters, pins, axles, screws, worms, piston rods, trunnions, and crane 
hooks, any. 
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50.—Trunnions, pins, and shafting more than in. diameter, 
shall forged structural steel. Shafting in. less diameter 
may cold-rolled steel. 

cast steel shall used for levers, cranks, and 
connecting rods. 

52.—Cast steel, forged steel, shall used for couplings, end 
shoes, racks, toothed wheels, brake wheels, drums, sheaves, and hangers 
where the supported weight will cause tensile stresses. Large sheaves 
may built structural steel. 

53.—Pinions shall made forged steel and cut from the solid 
metal, unless such pinions are too large for forgings. 

54.—Sockets used for holding the ends wire ropes shall 
forged without welds from the solid steel. The equalizing levers, 
connecting the ropes the counterweights, moving span, shall 
forged steel. 

55.—Cast iron may used boxes for shafts in. less 
diameter, and which obviously carry light loads. Other boxes shall 
cast steel. 

56.—Cast iron may used eccentrics, cylinders, pistons, fly- 
wheels, and parts motors which are usually made cast iron. Cast 
iron shall not used for any trunnion axle supports. 


57.—Phosphor-bronze, brass, and Babbitt metal shall used for 


the bushing lining journal bearings and other rotating sliding 
surfaces, prevent seizing. 

58.—Phosphor-bronze, only, shall used for bushing for the 
trunnions bascule and lift bridges, any large bearing carrying 
heavy loads. 

bushings for large bearings, such for trunnions and 
similar parts, shall held from rotating their casings. The force 
tending cause rotation shall taken one-eighth the load 
the bearing, and acting tangent the surface 
between the back the bushing and casing; this force shall not 
considered counteracted any frictional resistances between bush- 
ing and casing. shall practicable take out the bushing when 
the trunnion slightly lifted. 

60.—Castings which are attached rough unfinished sur- 
faces shall provided with chipping strips. The outer unfinished 
edges ribs, bases, etc., shall rounded off, and inside corners 
filleted. 

61.—Bolts and nuts, in. diameter, shall have 
Standard V-threads.. Nuts and exposed bolt heads shall hexagonal 
shape, and each nut shall provided with washer. the nut will 
come inclined surface, special seat, the top surface which 
right angles the bolt, shall cast built receive the 
nut. Bolt heads which are countersunk castings shall square. 
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62.—Nuts which are subject vibration and frequent changes 
load shall have locking arrangements prevent the gradual unscrewing 
the same. double nuts are used for that purpose, each nut shall 
the standard thickness, Nuts subject vibration shall fur- 
ther secured split pins through the bolt. 

63.—Screws which transmit motion shall have square threads. 

64:—Tap-bolts and stud-bolts shall not used, except special 
permission. 

shall not used for transmitting torsion shafts 
axles. 

66.—Collars shall used wherever necessary hold the shaft 
from moving horizontally. Each collar shall have least two set- 
serews angle 120 degrees. 

67.—Shaft couplings, unless the flexible kind, shall the 
flange type, split muff with bolt heads and nuts countersunk. 

68.—For large shafts, couplings such are used for rolling mill 
shafting may used. 

69.—Couplings shall keyed shaftings. 

practicable, hooked and tapered keys shall used. The 
taper shall in. per ft. The width the key shall one-fourth 
the diameter the shaft; the height, mid-section the tapered 
length, shall three-fourths the width. The length the hook, 
measured parallel the shaft, shall equal the width the key. 

tapered keys are not practicable, parallel-faced keys 
about the above proportions shall used. 

keys shall bear top, bottom, and sides; parallel- 
faced keys shall bear sides only. 

length any key shall not less than that the hub. 

74.—The foregoing dimensions are approximate. The shape 
the key shall such have unit stresses shear and bearing 
not exceeding those allowable the table. 

practicable, the keys and grooves shall made that 
the keys may backed out. 

76.—Keys shall sunk grooves both hub and shaft. The 
depth groove shall such that the bearing will not exceed the 
aliowable unit stress. 

shall held set-screws equivalent means. 
vertical shafts, bands clamped about the shaft, other devices, shall 
placed below the key. 

78.—If practicable, the length the hub shall not less than two 
diameters the shaft, and its thickness not less than one-third 
the diameter the shaft. The hub shall have light driving fit 
the shaft. 

79.—The groove the hub shall made the center line 
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80.—Hubs shall bored truly the center the wheel. 

81.—For trunnions and similar parts, which are designed chiefly for 
bending and bearing, the keys, key-ways, and bolts shall designed 
hold the trunnions from rotating. The force tending cause rota- 
tion shall taken one-fifth the load the trunnion, and shall 
taken acting the circumference the trunnion. 

82.—Journals shall proportioned resist, not only the various 
stressés which they are subjected, without exceeding the permissible 
fiber and bending stresses, but also prevent tendency heat and 

83.—Divided journal and trunnion bearings shall used, and the 
cap shall fastened the base with turned bolts recessed into the 
base. The nuts and heads shall bear finished bosses cast the bear- 
ing. There shall in. clearance between the lining the base 
and the its lining, allow for expansion. 

84.—Steel bearings carrying steel shafts journals shall lined 
with bronze brass. shafts are in. less diameter and 
slow motion, Babbitt metal may used. Bearings steel steel 
for moving surfaces will not allowed. 

boxes carrying light shafts, lining needed. 

86.—The bearings shafts shall placed near the points 
loading possible. 

87.—The foot-steps vertical shafts shall axle tool steel, 
and shall run bronze disks. 

88.—Provision shall made for the effective lubrication jour- 
nals, any other sliding surfaces. Closed oil compression grease 
cups shall used. Grooves shall cut the surface the trunnion 
for the proper distribution grease oil. Grease and oil 
cups must hold the lubricant for any position the moving parts. 

89.—The grooves large trunnions shall approximate shape; 
the size shall such that wire in. diameter may lie wholly 
within the groove. The edge the shall rounded radius 
in. 

90.—The grooves shall straight, running parallel the axis 
the trunnion. They shall not less than three number, and lo- 
cated that all parts the bearing surface the bushing 
swept the contained lubricant, opening, and closing 
the bridge. The grooves must allow being cleaned with wire. 

any trunnion bearing, similar heavy bearings, strong 
compression grease cups shall used for the grooves. 

and grease ducts shall located that the lubricant will 
flow gravity toward the bearing surface. 

93.—Dust covers shall provided for the principal bearings, 
particular for trunnions where shown plans. 
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Supports 94.—Line shafts, extending from the center the bridge the 
Couplings. end, shall not continuous, but shall connected with claw coup- 
lings. length shafting shall rest not more than two bear- 

ings, with the couplings close the bearings. 
95.—If shaft supports are connected the floor-beam, bridges 
having long panels, intermediate supports shall used; these shall 
adjustable, and are intended merely prevent the from 

sagging. 
Equalizing 96.—Equalizing gears devices shall used insure equal ac- 
tion the pinions and operating racks. 


97.—The unsupported length shafts shall not exceed 80° 
en 


Shafts. shafts supporting their own weight only; for shafts 
carrying pulleys, gearing, etc., where length shaft between 
center bearings, inches; and diameter shaft, inches. 

98.—Line shafts connecting machinery the center that the 


ends shall run fairly high speed. The speed reduction shall made 
the machinery near the end. 


99.—In designing circular shafting, trunnions, axles, the great- 


est unit fiber stress tension compression due bending shall 
the following formula: 


Formulas 100.—The maximum unit shear shall calculated the following 
for Shafts. formula: 


101.—In these formulas, unit fiber stress tension com- 
bending moment; and the simple twisting moment. 
shaft, trunnion, axle has one key-way cut, the sec- 
tion where the maximum stresses occur, and shall increased 
one-sixth; two key-ways are cut, increase one-fourth. the 
shaft enlarged through the hub, this does not apply. 
Distance 103.—In the bending moment shafts, trunnions, and 
journals, the distance from center center bearings shall taken. 


the simple 


Style 104.—Gear teeth shall the involute type, with angle 
Gear degrees. The roots below the clearance line shall 
filleted. 


105.—The width the teeth may great four times the 
pitch, but not more, except for wheels running very high velocity, 
Strength 106.—In estimating the strength teeth bevel wheels, the pitch 


the middle section shall taken. 
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107.—For the purpose setting gear teeth accurately the field 
erection, the pitch circle shall scribed the ends the teeth. 

108.—Worm gearing, for transmitting power, shall have angle 
thread not less than degrees. The worm shall run oil. 
bronze brass collar shall used the end the worm and the 
end the wheel axle, take care the end thrust. The wheel shall 
bronze. nut engages the worm, the nut shall bronze. 

109.—Worms which are used for actuating signals, indicators, 
other minor parts, may have angle thread less than degrees. 


110.—Worm wheels shall have not less than twenty-six teeth. Number 

111.—Pinions shall have not less than fifteen teeth. Worm 
umber oO 

the purpose keeping down the wear between the indi- Pinion Teeth. 


vidual wires counterweight rope, the diameter the sheave shall 


least ninety times that the rope. 

113.—Machinery parts near which workmen may while the parts Safety Guards. 
are motion, shall designed that safety guards may added. 
These guards will furnished and installed the Railroad Company. 


OPERATING AND ATTACHMENTS. 


114.—Wire rope shall made manufacturer approved the wire Ropes 
Engineer. and Cables. 
115.—The counterbalance ropes shall plow-steel wire, and 
shall consist six strands, nineteen wires each, laid around hemp 
center. 
116.—Ropes shall laid the best manner, and shall 
thoroughly soaked approved lubricant during the process 
manufacture. 
117.—The counterbalance ropes shall made from wire which has 
been tested the presence inspector designated the Engineer, 
and which, for sizes from 0.076 0.150 in. diameter (the limiting 
values used counterbalance ropes), exhibits the following physical 


a.—The tensile strength shall not less than 225 000 Ib. per sq. in. 
for wire from 0.150 0.126 in. diameter, nor less than 230 000 lb. for 
wire from 0.125 0.101 in. diameter, nor less than 235000 for 
wire from 0.100 0.076 in. diameter. 

total ultimate elongation, measured piece in. 
long, shall not less than 2.4 per cent. 

number times piece in. long can twisted around 
its longitudinal axis without rupture shall not less than 1.4 divided 
the diameter, inches. 

number times the wire can bent 90°, alternately 
the right and the left, over radius equal twice its diameter, 
without fracture, shall not less than six. This test shall made 
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mechanical bender constructed that the wire actually conforms 


the radius the jaws and subjected little tensile stress 
possible. 


118.—The rope shall made one piece, possible, Its break- 
ing strength, determined test described Paragraph 121, shall 
not less than 


11 800 “ “ 2 “ “ “ 
20 600 “ “ 4 “ “ “ 
32 400 “ 5 “ “ 
45 000 3 “ “ 
70 000 “ “ 
79 200 “ 1 “ “ 


100 800 “ 13 “ “ 
120 600 “ “ 1} “ “ 
148 000 “ 12 “ “ 
173 000 14 “ “ 

200 000 “ “ 18 “ 
230 000 “ 13 “ “ 
264 000 “ “ 13 “ “ 
297 000 “ “ 9 “ “ “ 
325 000 “ “ 24 “ “ “ 
374 000 “ 24 “ “ 
465 000 “ “ 23 “ “ “ 


the physical qualities the rope, its individual 
wires, fall below the values cited above, the entire length from which 
the test pieces were taken shall replaced the manufacturer with 
new length, the physical qualities which come the 
specifications. 

120.—The dimensions the sockets shall such that part 
under tension shall loaded higher than 000 Ib. per sq. in. when the 
rope stressed its ultimate strength, named above. The sockets 
must attached the rope method which reliable and will 
not permit the rope slip its attachment the socket. 

order show the strengh the rope and fastenings, 
number test pieces, not more than 10% the total number 
finished lengths which will ultimately made, nor less than two 
from each original long length, and not more than ft. long, shall 
and shall have sockets, selected random from those which 
are used filling the order, attached each end. These test 
pieces are stressed destruction suitable testing machine. 


Under this stress the rope must develop the ultimate strength given 
Paragraph 118. 


sel 
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testing, slipping the sockets should occur, then the 
method must changed until slipping avoided. The sockets them- 
selves shall stronger than the rope with which they are used; 
one should break during the test, then two others shall selected 
and attached another piece rope and the test repeated; and this 
process shall continued until the inspector satisfied their 
reliability, which case the lot shall accepted. If, however, 10% 
more all the sockets tested break load less than the minimum 
ultimate strength the rope, given Paragraph 118, then the 
entire lot shall rejected. 

123.—The length each rope, from inside bearing inside 
bearing socket, shall determined, and metal tag having the 
said length stamped thereon shall attached securely the rope. 

124.—One-third the wire rope connections, selected random, 
shall tested (after attachment the ropes are made) 0.4 
the ultimate strength the rope. any connection weak, the re- 
mainder the connections shall tested. The weak connections 
shall rejected and replaced. Not less than four connections shall 
tested. 

manufacturer shall provide proper facilities for making 
the tests, and shall make his own expense all the tests required. 
Tests shall made the presence inspector who represents the 
Engineer. 

126.—Ropes shall shipped coils the minimum diameter 
which least thirty times that the ropes, and they shall un- 
coiled for use revolving the coil, not pulling the rope away from 
the stationary coil. 


127.—For the parts the operating machinery movable bridges 
which are usually exposed the weather, the finish shall confined 
the bearing, rotating, and sliding surfaces, and wherever re- 
quired produce accurate fits and precise dimensions. 

128.—Equalizing levers rope connections shall neatly finished, 
and shall conform the dimensions shown the drawings. 

shall cleaned, and seams and other blemishes 
removed. 

130.—Drainage holes, not less than in. diameter, shall 
drilled places where water likely collect. 

131.—Unfinished bolts may have play in. the bolt holes. 
Turned bolts must have the diameter the shank least in. larger 
than the diameter the threaded portion, and must have driving fit 
the bolt hole. 

backs racks and surfaces contact shall planed. 
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133.—The bearing surfaces, the junction the cast rim and 
structural parts built-up sheaves, shall planed give full con- 
tact throughout the circumference the sheave. 

134.—The grooves the circumference sheaves carrying wire 
ropes shall turned radius that will fit the rope. This 
done after the sheave completely assembled and permanently 
riveted up. 

135.—The top and bottom the tread plates and surfaces 
contact rolling bridges shall planed fit. full bearing must 
made. 

136.—The periphery and the ends teeth which mesh with 
shrouded teeth shall planed, and the pitch line shall scribed 
thereon. 

137.—Journals and trunnions shall turned with fillet where the 
section changes. Journals shall have collar each end. Trunnions 
and journals in. diameter and greater shall have hole, in. 
diameter, bored through the longitudinal axis. Journals, trun- 
nions, and bushings must polished after being turned. The use 
cutter which trembles chatters will not allowed. 

joints between the caps and bases journal and trunnion 
bearings shall planed. The ends the bases and surfaces con- 
tact with the supports shall planed. Bolt holes for holding the cap 
the base and for holding the base its support shall drilled. 

grooves the surfaces trunnions similar large 
bearings shall machine cut. Chipping and filing will allowed 
only for removing small inequalities. The grooves shall smooth, 
especially the rounded corners. 

140.—Hubs wheels, pulleys, couplings, shall bored fit 
close the shaft axle. the hub performs the function collar, 
the end next the bearing shall faced. hubs toothed 
gear wheels shall concentric with the pitch circle. 

periphery gear wheels turned. Gear wheels 
and racks which are part the train which actuates the moving 
span shall cut. Other gears, except beveled gears, shall machine 
moulded. 

any moulded gears are shrouded, chipping other means 
shall used the junction the shrouding and teeth insure 
proper meshing. 

gears shall cut. The cutting shall done 
planer having rectilinear motion and from the apex the cone. 
Rotating milling cutters shall not used. 

144.—Threads worms, and the teeth worm wheels shall 
cut, and shall fit accurately. Point contact shall avoided. 


— 
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145.—Any two surfaces which slide, roll, bear each other, 
shall planed turned fit. 
146.—Machinery parts shall assembled the supporting mem- Assembling 
bers the shop, and shall aligned and fitted, and holes the sup- 
ports drilled, and with the members correct relative position. The 
members shall match-marked, both the supports and each other, 
and re-erected the same relative position. 
147.—The holes the girders and columns for the bolts connecting for 
the main sheave bearings their supporting girders shall drilled Litt 
from the solid through cast-iron steel templates which the 
ings were set and accurately lined when the holes the bearing were 
bored. The bolt holes and the bolts shall turned the same diame- 
ter, and the bolts shall driven place without injury them, the 
bearings, the girders, the columns. 
148.—Trunnions shall turned diameter in. less than 
that the bushing. Before shipping, the trunnions shall placed 
their bearings and given two full rotations. any grinding 
hard turning found, must remedied. The tests shall made 
the presence the Railroad Company’s inspector. 
flange and split muff couplings shall planed fit. 
The couplings shall keyed the shaft. 
150.—A special effort secure good workmanship keys and key- 
ways shall made. 
151.—Machined surfaces shall have coating white lead applied 
them. Surfaces. 
152.—Machinery which the regular standard manufactured 
type, such steam, gasoline, electric motors, pumps, air compressors, 
shall guaranteed the manufacturer efficiency, and shall 
the approval the Engineer. Motors shall tested 
prove that they fulfill the specified requirements and develop the de- 
sired speed, power, and torque. 
153.—The rating prime mover shall the horse-power deter- 
mined the brake test. 


Unit 


154.—Machinery parts shall designed for the normal loads used and 
determining the torque curves, using the unit stresses herein speci- 
fied. For the excess torque specified for the prime mover, twice the 
normal unit stresses will allowed. (178) (205) (208). 

155.—If brakes act through the machinery, the unit stresses pro- 
duced braking shall not exceed more than 50% those caused 
the normal torque the prime mover. 

156.—The following unit stresses, pounds per square inch, shall 
used for parts which main stresses are not increased impact: 
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Stresses One Direction. 


Material. Tension. Compression. Fixed Bearing. Shear. 


157.—The maximum unit tension plow-steel cables shall one- 
sixth ultimate. The maximum unit tension equal the 
direct unit stress plus the extreme fiber unit stress the individual 
wire due bending over the sheave. 
Reversal 158.—For stresses which are reversed the rate ten more 
Stresses. 
times per minute, use one-half the above unit stresses. 
159.—If wire rope bent over sheave, the bending stress and 
permissible load the rope shall follows: 


Let the total pull permissible load the rope, pounds; 
extreme unit fiber stress greatest individual wire; 
cross-sectional area rope, square inches; 
diameter thickest wire, inches; 
diameter sheave center rope, inches; 
greatest unit tension allowable; 
angle helical wire with axis ‘strand; 
angle helical strand with axis rope; 
diameter rope. 


> 2 2 


For rope having six strands nineteen equal wires each, 


160.—For haulage rope, six strands seven wires each, take 


161.—If rope contact with sheave over small arc, the 


actual radius curvature may greater than that the sheave. 
(See figure.) 


Bearing keys.. 800 
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Let The actual radius curvature; 
the angle between the directions the rope; 
pull individual wire, equal divided the num- 
ber wires all wires are equal diameter. 


-*~ 
= 


cos. 

greater than the radius the sheave, should 
used place Formulas (1), (2), and (3). The formula 
only valid for values between 130 and 180 degrees. 


163.—The strength cut gear teeth shall conform the follow- 
ing formula, one tooth only taking pressure: 


0.912 600 
(0.154 600 
pressure tooth, pounds; 
pitch, inches; 
face breadth tooth, inches; 
number teeth gear; 
velocity pitch circle, feet per minute. 


164.—The strength machine-moulded teeth shall calculated 
the foregoing formula, taking lb. 


165.—The foregoing formula for involute teeth having. angle 
obliquity equal degrees. 


166.—The pressure, pounds per linear inch, rollers rest 


shall be, for rolled and cast steel, 600 where equals the diameter 
the roller, inches. 


which 


167.—Maximum bearing values for rotating and sliding surfaces, 
pounds per square inch: 


Bearings which the speed slow and intermittent: 


Pounds per 
square inch. 


Trunnion bearings bascule bridges: machinery 
steel phosphor-bronze 


Wedges: Cast steel cast steel structural 


Screws which transmit motion projected area 
thread 
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Pounds per 
square inch. 
For ordinary parts moving moderate 


speeds: Hardened steel hardened steel........ 2000 


Tool steel (not hardened) bronze.............. 900 
Structural steel 600 
cross-head slides, speed not exceeding 600 ft. 


168.—In order prevent heating and seizing higher speeds, the 
pressure pivots foot-step bearings for vertical shafts and journals 
shall not exceed: 


Where number revolutions per minute; 


169.—For crank pins and similar joints with alternating motion, 
the limiting bearing values given the above formula may 
doubled. 


170.—Permissible pressure, pounds per linear inch roller 
motion: 


Where pressure per linear inch roller, 
and diameter roller, inches. 


171.—The foregoing values are for rollers and bearing surfaces 
the same material; rollers and bearing surfaces are different 
materials, the lower value shall used. 


General Requirements. 


172.—The kind motor best adapted any particular case de- 
pends local conditions, and should left the judgment the 
Engineer. 

the bridge operated mechanical power, the motor 
shall ample capacity move turn the bridge the required 
speed. matter what mechanical power used, all bridges shall also 
provided with hand-power operating machinery. 
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174.—Friction brakes, operated hand foot, shall pro- 
vided where the motor located the operator’s house. They shall 
have sufficient capacity stop hold the moving span any posi- 
tion, under all conditions. 

175.—If mechanical power any kind used for operating 
movable bridge, suitable house shall provided for the operator. 
The house shall such dimensions required for the purpose for 
which used. shall placed position where the opera- 
tor can observe the signals and see the approaching vessels and trains, 
and with enough windows sufficient size, that his view will not 
obstructed. the operator’s house above below the floor 
the bridge, suitable steel iron stairs with railings shall provided 
lead from the floor the bridge the floor the operating house. 
The house shall fire-proof construction, consisting steel 
frame, steel floor joists and fire-proof floor. the house 
motors and machinery, the floor shall preferably consist steel plates, 
but, the motors are located elsewhere, the floor between the joists 
may concrete construction. The sides and roof shall metal, 
any other non-combustible material. The hand-rail for 
stairways and other places shall made gas pipe. 

176.—Whenever climatic conditions require it, provision shall 
made for heating the operator’s house. steam power used, the 
house shall heated steam coil radiator fed from the boiler. 
electric power used, the heat may supplied electricity. 
gasoline used, any other power which cannot utilized for heat- 
ing, coal, wood, petroleum, gas stove, directed the Engineer, 
shall provided. 

whistle, having bell in. diameter and in. long, 
shall installed complete. operated air, the compressor and air 
tank shall conform the following specifications: compressor 
shall motor driven, the motor and compressor being one frame, 
and geared. All working parts shall completely enclosed, and 
lubricating. The compressor shall have piston displacement from 
cu. ft. per min. when working against tank pressure lb. 
per sq. in. The compressor shall provided with strainer, and auto- 
governor and switch, order that the compressor may start and 
stop automatically any predetermined tank pressure. The air re- 
ceiving tank shall in. diameter and ft. long, equal 
capacity. The tank shall galvanized, and good for working 
pressure 100 lb. per sq. in. shall provided with pressure gauge 
and pigtail, pop-valve and drain cock, and have standard flanges bushed 
for pipe. The Contractor shall furnish all pipe, pipe fittings, 
and valves, and all shall withstand working pressure 100 per 
sq. in. 

178.—A prime mover shall capable exerting twice the greatest 
torque shown the torque curves for the normal loads. (154). 
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Steam Power. 


179.—If steam engine used, shall consist double-cylinder, 
reversing engine, the piston speed which shall not exceed 200 ft. 
per min.; shall develop the desired power and speed with steam 
pressure per sq. in. The engine shall connected the 
operating machinery approved friction clutch, arranged that 
the moving and locking machinery can operated alternately 
stopped without stopping the engine. 

180.—In the steam supply pipe, and close the steam chest, 
placed steam separator. This separator, under test with quality 
steam low 66%, shall show average efficiency 85% 
five tests. 

181.—The steam shall generated one two upright, tubular 
boilers, each which shall have twice the the engine. 
boilers shall designed for steam pressure 150 per sq. 
and adapted the kind fuel specified the Engineer; they shall 
open-hearth steel, accordance with the specifications for boiler 
plates appended hereto. They shall encased asbestos and covere 
with Russia iron. 

182.—The boilers shall also accordance with the specifications 
the Mechanical Department the Railroad Company, 
conform the civil laws. 

183.—Vertical boilers shall have submerged flues the top. 

184.—The total horse-power the boilers shall twice that the 
engine, and shall computed the following rule: Calculate the 
inside area the tubes, the area the tube sheet next the fire, 
and the sides the fire-box where this contact with the fire. 
Take the sum these areas square feet and divide fifteen. The 
intention allow sq. ft. heating surface per horse-power. 
least sq. ft. grate surface shall provided per horse-power. 

185.—The engine-room shall provided with steel water tank 
sufficient capacity; duplex, steam feed-pump; and injector for 
each boiler, with necessary pipes and connections for feeding 
separately together; steam water-lifters with necessary strainers. 
flexible hose, and piping lift the water from the river into the tank; 
eoal hoist and steel coal-bin sufficient capacity. The engine- 
room shall provided with suitable indicator for recording the posi- 
tions the moving span turning and locking. 


Internal-Combustion Engines. 
186.—If internal-combustion engine used, one the most 
substantial kind shall selected, the maximum piston speed which 
shall not exceed 500 ft. per min. The engine shall have reversing 
gear provided with approved friction clutches, operated 
hand-wheel. The countershaft connecting the engine with the operat- 
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ing machinery shall provided with disengaging couplings, arranged 
that the moving and locking machinery can operated alternately 
and either direction without stopping the engine. Motors h.p. 
more shall started compressed air. The fuel tank shall 
outside the engine-house. The engine-room shall pro- 
vided with indicators for recording the positions the moving span, 
and lifting and locking apparatus. 


187.—For bridges which are opened intervals min. 


less, and about six times per hour, the engine shall water-cooled. 
For longer intervals, the engine shall air-cooled. For this purpose, 
the outside cylinder shall have deep flanges about which 
lation air maintained fan. 

188.—The ignition shall the jump-spark kind which the 
secondary coil made each spark plug part it, so.that 
low voltage current not more than volts will sufficient. 


189.—Two extra igniters and two extra crank-pin brasses shall 
furnished. 


190.—The electric equipment shall conform the Standardization 
rules the American Institute Electrical Engineers, adopted 
June 21st, 1907, subsequent revisions. 

191.—The National Code shall apply the electric con- 
struction and installation, except may noted hereinafter. 

192.—The quality the wires and insulation shall conform the 
specifications the Railway Signal Association, revised and 
adopted October, 1911. (See Volume the Proceedings that 

193.—Any motor under test shall develop the required horse-power 
and torque the armature shaft. Characteristic curves showing the 
results the test shall furnished the manufacturer. 

194.—Motors shall tested for one-half their normal voltage be- 
tween the brushes. efficiency curve shall shown. 

195.—Motors, generators, automatic circuit breakers, solenoids, 
brakes, and other electric mechanism shall tested the factory 
the manufacturer the presence the Railroad Company’s 
inspector. 

196.—If the motor enclosed case, mill motors are, small 
openings sufficient size shall provided the case for the inspec- 
tion, removal, and replacing brushes. 

197.—One cut gear, bored and key-seated for attachment 
the countershaft, shall furnished with the motor. The gear and 
pinion shall covered sheet-steel malleable-iron split gear 
case, supported the motor frame and completely covering the gear 
and pinion. opening, with hinged cover, shall provided 
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the gear case for inspection and oiling. The gear ratio shall such 
that the full speed the countershaft will not more than 125 rev. 
per min. 

198.—Motors shall have forged-steel cut pinion, out one piece, 
keyed the end the armature shaft and secured lock-nut. 

199.—For each size motor furnished, the Contractor shall sup- 
ply the following spare parts: One armature, one field coil, one 
one gear, and one set brushes. These parts shall finished and 
fitted such manner admit being installed their re- 
spective places without further fitting adjustment. 

200.—The motors shall mounted such manner admit 
easy access for inspection and repairs; they shall supported 
securely brackets suitable foundations. 

201.—If the machinery and motors are the moving span, they 
shall capable being operated satisfactorily any position 
the span. 

202.—Motors must housed weather-proof metal housing. This 
housing must large enough allow the inspection and oiling the 
motor. must readily removable that access the motor may 
obtained. metal this housing shall less than No. 16, 
Standard, gauge; shall galvanized. 

203.—Direct-current motors and generators shall the railway 
series, mill, interpole type, water-proof, with slotted-drum armature 
and form-wound armature coils. They shall standard com- 
mercial type common use. 

204.—The rating direct-current motor the horse-power out- 
put the armature shaft which gives rise temperature above the 
surrounding air (referred room temperature 25° cent.) not 
exceeding 90° cent. the commutator and 75° cent. any other 
part after continuous run hour its rated voltage, stand 
with the motor covers removed and with natural ventilation. The 
rise temperature determined thermometer, but the resist- 
ance electric circuit the motor shall increase more than 40% 
during the test. 

205.—Direct-current motors shall capable exerting continu- 
ously for two cycles twice the normal torque shown the torque 
curves for the moving span and machinery. One cycle opening 
and closing the bridge specified time. (154) (224) (226). 

206.—Alternating-current motors shall the three-phase, in- 
duction type, with slip-rings, rotor-wound, cycles, and 220 
440 voltage, unless otherwise specified. The resistance for varying 
the speed shall series with the rotor circuit, and such 
affect evenly all three phases. Motors h.p. less may the 
squirrel-cage type. 

207.—Alternating-current motors shall show, run for heat 
test, the following maximum temperature rises above 25° cent. for 


Papers.] REVISED SPECIFICATIONS: MOVABLE RAILROAD BRIDGES 503 


the surrounding room: for continuous run under nominal load, 
40° cent.; for hours’ run under 25% overload and min. run 
under 50% overload 55° cent. 

208.—Alternating-current motors shall rugged construction. 
The sum the starting torques the motors shall least equal 
twice the greatest torque shown the torque curves for the bridge 
operating machinery. The pull-out torque shall least equal 
times the starting torque. (154) (224) (226). 

209.—The controllers for motors shall located the operating- 
house. The controllers shall the reversing drum type, flat 
type, with magnetic blow-out, and shall capable varying and 
maintaining the speed the motors throughout the entire range de- 
sired, without injurious sparking, and without shock due sudden 
variation speed. The controllers shall capable doing their 
work for the usual loads, and excess loads, that may come upon the 
motors, with temperature rise not exceeding that specified for the 
motors. 

210.—The controller shall have sufficient number notches 
steps, such that the minimum maximum motor torque will not 
differ more than 10% from the average torque required for uni- 
form acceleration. 

211.—One controller shall furnished for the operation the 
main motors, one for rail-lock motors, and one for bridge-lock motor. 
These controllers shall designed that the operation any motor 
can cut out pulling switch the switch-board, without affect- 
ing the operation any the other motors. 

controllers for the two main motors, for direct cur- 
rent, shall the series-parallel type; the type which the 
varied, may done for the interpole type motor. 

213.—The control motors shall electrically interlocked with 
each other and with the signal system, and the bridge shall con- 
trolled such way that the end-locks cannot released until the 
signals have gone danger position and the derails are set; and the 
bridge motor cannot started until the end-locks have actually been 
released. closing the bridge, the control shall such make 
impossible for the operator move the end-locks until the bridge 
has been completely closed, set the signals safety until the 
bridge has been closed and the end-locks are place. 

214.—For currents too large for the usual type controller, the 
motor circuits shall made contactors mounted panels 
frames. contactors shall operated solenoids which are 
controlled master controller. 

215.—For large structures, automatic control may used, but this 
too complicated covered specification. This should 
taken for special consideration with the Engineer. 
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Resistance. 216.—Resistances shall the cast-grid type, and such ca- 
pacity that the motor can operated continuously any point 
the controller when developing full-load torque, for min. when 
developing 50% over-load torque, without sufficient rise temperature 
the resistance cause deterioration any part. The resistance 
shall mounted admit free ventilation and without in- 
jurious vibration. 

217.—The main operating motors, rail-lock motors and bridge-lock 

shall provided with approved post brakes which are held 

set position spring with such force overcome not less than 

50% the maximum torque required. The friction surfaces are 

materials not affected moisture. The brakes are released 

solenoids ample power and heating capacity whenever the motors 

are taking current, and are set automatically whenever the cur- 

rent fails off from the motors. Water-proof motors shall 

provided with water-proof solenoids. Brakes shall provided with 

foot-switch for coasting purposes. Means shall provided for 

mechanically releasing the brakes when the bridge operated 
hand other equipment. 

Emergency 218.—An additional emergency brake shall provided and applied 

the main operating machinery. This shall released solenoids 
motors which shall hold the brake release long the current 
applied the brake motor. Cutting off the current from the 
solenoids motors, any failure current, will result the in- 

stantaneous application the brake. This brake will normally set, 

but will released the operator before starting the bridge, and 
held release during the entire operation unless emergency con- 
dition arises requiring brake power excess that offered the 
motor brakes, which case may instantly applied the opera- 
tor. After the bridge has been closed and traffic has been resumed, 
brake will again applied. This portion the equipment shall 
designed that will not injured left release indefinitely. 
Proper means shall provided for releasing the brake mechanically 
when the bridge operated hand emergency-power 
equipment. 

219.—The emergency brake circuit shall independent the gen- 
eral interlocking system, and there shall mechanical interlocking 
device which will prevent the main leaf motors and the emergency 
brake from being used one against the other. 

220.—The emergency brake switch shall attached tke con- 
troller stand within easy reach the operator, and proper labels shall 
placed back the switch handle indicate “Set” and “Released” 
positions the brake. 

Automatic 221.—An cut-off device shall pro- 

which will throw out the circuit breakers, cut off the current 


= 
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from the operating motors, and set their brakes when the bridge 
from its open position, and its closed position. Spring switches 
shall provided which, closed and held closed, will put the cut- 
offs out commission and thus enable the bridge tender fully close 
open the bridge. 

222.—The bridge-lock motors, ‘and rail-lock motors, shall stopped 
and the brakes set automatically each end the travel. 

233.—Switches shall designed carry not more than 900 amperes 
per sq. in. capacity. 

parts, such wires, switches, etc., shall designed 
for the currents which are needed for the excess torques motors. 
(205) (208). 

225.—Ground connections ample area shall provided. 

226.—Circuit breakers and fuses shall designed act when the 
current exceeds times the current required the motors exert 
their greatest normal torque and horse-power for the specified time. 
(205) (208). 

fuses shall used. 

228.—No wire smaller than No. 10, gauge, stranded wire, 
shall used. 

229.—Wires when installed shall permanently tagged and num- 
bered that any wire can traced from the switch-board the mo- 
tors, and the source power. 

230.—The feeders shall protected pole-switch fuse and light- 
ning arrester mounted non-combustible and non-absorbent insulat- 
ing base. 

231.—A switch, the quick-break type, shall provided for each 
supply wire. Each motor and each light, signal, indicator, 
other circuit, shall provided with switches which are approved 
the Railroad Company’s Engineer. The switches shall mounted 
enameled slate panel switch-board (not less than in. thick, and 
free from veins, flaws) the operator’s house. The switch- 
board shall large enough carry the meters, switches, cut-outs, 
fuses, ete. Switches, cut-outs, buttons, shall provided with 
plates designating their use. 

232.—An automatic circuit breaker shall placed the switch- 
board the operating motor circuit the bridge. Each line the 
motor, each line the electric brakes, and each lighting, signal, indi- 
other circuit, shall protected enclosed fuses. 

233.—Automatic circuit breakers shall placed near the top the 
switch-board, with the other instruments below. 

circuit whatsoever shall protected fuses, circuit 
breakers, equivalent devices, which will insure the excessive cur- 
rent being cut off before any parts are damaged. 
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235.—Lightning arresters shall placed near practicable 
the parts protected, and away from combustible material. 
No. gauge, wire should used for the connections; this 
wire should run straight line ground plate, and not con- 
nected any structural parts. avoid inductive resistances, the 
wire should not run through conduit. choke-coil used, 
should thoroughly insulated from the ground and other conductors. 

236.—The connections parts contact with track shall such 
allow short circuiting track signals. 

contacts shall protected from the weather ac- 
cumulations dirt. 

238.—Coils shall impregnated. 

239.—Solenoids and electrically-operated brakes shall housed. 

240.—The Contractor shall provide and install light in- 
dicators for the purpose showing the operator the various positions 
the bridge, especially the fully open, entirely closed, nearly open, 
and nearly closed positions the bridge, and fully closed and fully 
open positions the rail-lock and bridge-locks. 

241.—A volt meter, ammeter, and watt meter shall provided 
the switch-board. 

242.—The switch-board shall furnished with one lamp for 
detecting ground, and lamp for illuminating the ammeter and 
volt meter scales. 

243.—In the operator’s house shall placed ten lights, and 
additional lights about the machinery and such other lights the 
Engineer may direct. For all lights the house above ten num- 
ber, the Railroad Company will pay the regular market price fur- 
nish them the Contractor. 

244.—Lights 16-c.p. shall placed outside the head and foot 
stairways similar paths. 

245.—All lights the house shall have tungsten filaments. Out- 
side lights shall have weather-proof sockets. 

246.—The Contractor shall furnish warning and channel lights 
and signals, accordance with the Government requirements, 
other harbor requirements. The Railroad Company will furnish 
copy the Government regulations. 

247.—The Company will furnish and install the railroad signal 
system, also the master lever and all necessary devices controlling 
the interlock between this signal system and the bridge whole. 
The Contractor shall furnish and install the necessary devices for inter- 
locking the various parts the bridge with each other and for con- 
nections the Company’s master lever. 

switches shall provided which will free the 
various motors from the interlocking, emergencies. These switches 
shall mounted the switch-board, but covered sealed glass 
case. 
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249.—Unless the current supply taken from more than Current 
shall conducted the switch-board two independent 
conductors, one for the supply, and one for the return current. 

250.—Submarine cables, needed, will furnished and laid the submarine 
Railroad Company. 

251.—If wires are placed conduits, the conduits shall 
ample size, sherardized, loricated the inside. wire less 
than No. 12, gauge, shall used. 

252.—Conduits shall sufficient size allow the wires Condulets and 
easily drawn in. joints are made inside conduit. Condu- 
lets and factory ells shall used. Condulets, ells, and conduits shall 
sherardized, loricated inside. 


SPECIFICATIONS FoR Usep ror Parts. 
Steel Castings. 
253.—Steel for castings may made the open-hearth crucible 


process Steel Castings. 
254.—All shall annealed, unless otherwise specified. 


255.—Minimum physical qualities, determined standard 
test specimen in. diameter and in. gauged length: 


Tensile strength, pounds per square inch....... 000 


256.—A test destruction may substituted for the tensile test, 
the case small unimportant castings, selecting three cast- 
ings from lot. This test shall show the material ductile, 
free from injurious defects, and suitable for the purpose intended. 
lot shall consist all castings from the same melt blow, annealed 
the same furnace charge. 
257.—Castings shall true pattern, and free from blemishes, 
flaws, shrinkage cracks. When the bearing surface any steel 
casting finished, there shall visible blow-holes exceeding in. 
any direction, nor exceeding sq. in. area. The length blow- 
holes any straight line laid any direction shall never exceed 
258.—No blow-hole exceeding one-half the above dimensions and 
area will allowed any gear tooth, the rim the root the Wheels. 
teeth. 
259.—The correction defectg castings, welding electrically 
thermit similar processes, will not allowed. 
260.—Large castings shall suspended and hammered all over. 
flaws, defects, weakness shall appear after 
treatment. 


l- 
1, 
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261.—A specimen in. in.) shall bend, cold, around diame- 
ter in., through angle 90°, without fracture the outside 
the bent portion. 

number standard test specimens shall depend the 
character and importance the casting. test piece shall cut, 
cold, from coupon moulded and cast some portion one 
more castings from each melt blow, from the sink-heads (in 
heads sufficient size are used). The coupon sink-head must 
receive the same treatment the casting castings, before the speci- 
men cut out, and before the coupon sink-head removed from the 
casting. 

263.—Turnings from the tensile specimen, drillings from the 
bending specimen, drillings from the small test ingot, preferred 
the inspector, shall used determine whether not the steel 
within the limits phosphorus and sulphur specified Paragraph 
254 concerning chemical properties. 


Steel Forgings. 


264.—Steel forgings may made the open-hearth crucible 
process: 


0.05% maximum. 


265.—Minimum physical properties determined standard 
turned test specimen in. diameter and in. gauged length. 

266.—Tensile strength, pounds per square inch, 000. 


specimen in. in.) shall bend, cold, 180°, around diame- 
ter in., without fracture the outside the bent portion. The 
bending may effected pressure blows. 

267.—The number and location the test specimens taken 
from melt, blow, forging shall depend their character and im- 
portance, and, therefore, must regulated individual cases. The 
specimens shall cut, cold, from the forging, full-sized pro- 
longation the same, parallel the axis the forging and half way 
between the center and the outside; the specimens shall longitudi- 
nal, the length the specimen shall correspond with the direction 
which the metal most drawn out worked. When forgings have 
large ends collars, the test.specimens shall taken from pro- 
longation the same diameter section that the forging back 
the large end collar. the case hollow shafting, either forged 
bored, the specimen shall taken within the finished section pro- 
longed, half way the inner outer surfaces the wall 
the forging. 

268.—Turnings from the tensile specimen, drillings from the 
bending specimen, drillings from the small test ingot, preferred 
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the inspector, shall used determine whether not the steel 
within the limit chemical composition. 

269.—Forgings shall free from cracks, flaws, seams, other 
injurious imperfections, and shall conform the dimensions shown 


the drawings furnished the purchaser, and shall made and 
finished workmanlike manner. 


forgings shall annealed. 


Machinery Steel. 
271.—Machinery steel shall made the open-hearth crucible 
process. 
0.05% maximum. 
0.05% maximum. 


272.—Minimum physical properties, determined standard 
turned test specimen in. diameter and in. gauged length: 


Tensile strength, pounds per square 000 


273.—A specimen in. shall bend, cold, 180°, around 
diameter in., without fracture the outside the bent por- 
tion. The bending tests may made pressure blows. 

274.—Turnings from the tensile test specimens, drillings from 
the small test ingot, preferred the inspector, shall used deter- 
mine whether the melt within the limits chemical composition. 


Boiler Plates. 
275.—The steel used for boilers and fire-boxes shall made the 


open-hearth process. 


276.—The physical properties required shall follows: 


Tensile strength desired, pounds per square 000. 


Cold bends, without fracture. 180° flat. 


ultimate strength shall come within 4000 that 
desired. 

278.—Chemical determinations the percentages carbon, phos- 
phorus, sulphur, and manganese, shall made the manufacturer 
from test ingot taken the time the pouring each melt 
steel, and correct copy each analysis shall furnished the 
Engineer his inspector. check analysis shall made from the 
finished material, called for the purchaser, which case 
excess 25% above required limits will allowed. 


ualities 
Steel. 


Qualities 
Boiler Plate 
Steel. 
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279.—Specimens for tensile and bending tests for plates shail 
made cutting coupons from the finished product, which shall have 
both faces rolled, and both edges milled the usual form the stand- 
ard test specimen, in. wide gauged length least in.; 


with both edges parallel. 
Nickel Steel for Machine Parts. 


Qualities steel shall made the open-hearth process. 
Nickel Steel. 


Plates, shapes, Rivets. 
and bars. 
Phosphorus shall not 0.04% 
281.—The physical properties required shall follows: 
Plates, shapes, bars, and forg- Rivets. 
ings. Pounds per square inch. 
Minimum. 
Tensile strength...... 000 000 000 
Elastic limit.......... 000 000 minimum, 
Elongations: percentage in., for plates, shapes, bars, and 
forgings; and also for rivets minimum. 


Ultimate strength 
Elongation: percentage in. for forgings 25. 


282.—Specimens cut from forgings in. in.) shall bend, 


cold, 180°, around diameter in., without fracture the outside 
the bent portion. 
283.—Specimens cut from plates, shapes, and bars shall bend, cold, 
180°, around diameter three times their thickness, without fracture 
the outside the bent portion. 
rivet rod shall bend 180°, flat, itself, without frac- 
ture the outside the bent portion. 
285.—Rivet rods shall tested rolled. 
286.—The fracture all tension tests shall show fine silky tex- 
ture, uniform bluish gray dove color, free from black 
brilliant specks, and shall show sign 
287.—All nickel-steel forgings shall properly annealed. 
288.—Annealed eye-bars and similar members, when full-sized 
pieces are tested, shall comply with the following requirements: 
Minimum ultimate tensile strength, pounds per 
Minimum elastic limit, pounds per square inch. 000 
Minimum elongation ft., including 12% 
The fracture shall mostly silky, and free from 
Full-sized pieces shall bend, cold, 180°, around 
diameter twice their thickness, without 
fracture. 


P 
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Tool Steel. 


289.—Tool steel generally used for parts which require hardening Qualities 
oil tempering, such pivots, friction rollers, ball-bearings, and 
springs. 


290.—Tool steel shall made the open-hearth crucible 
process. 


Carbon 


0.04% maximum. 
Phosphor-Bronze. 


291.—Special phosphor-bronze shall used for high pressure and 
osphor- 
slow speed. 


Bronze. 
292.—Phosphor-bronze shall copper-tin alloy. The phosphorus 
shall not exceed per cent. Other alloys, one-half 1%, will 
permitted, except that sulphur will allowed. 


Elastic limit, pounds per square inch. .19 000 
Permanent set, under 100000 


293.—The compression made cylinder having height 


in. and area sq. in. The elastic limit the load 
which gives permanent set 0.001 in. 


Tension: 


The yield point, ultimate strength, and elongation in. are 


recorded. The tension specimen have diameter 
in. 


every heat, least two tests shall made. chemical 
anaylsis shall furnished. 


Babbitt Metal. 


295.—Babbitt metal composed the following ingredients and Qualities 
the following proportions has given satisfactory results and low co- 
efficient friction (0.03 0.04): 


- 


the purpose these specifications provide first-class struc- Purpose the 
ture. They are intended aid designing and fabrication. Ma- 
chine design and kindred subjects are great and varied that single 
work this character can cover all points. further aid secur- 
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ing first-class structure, the following works will considered 
authoritative, the order named: 


Unwin’s “Machine Design,” Part Ed. 1909. 
Unwin’s “Machine Design,” Part II, Ed. 1902. 


Manual Machine Design,” Low and Bevis, 


Impression. 
Reuleaux’s “Constructor,” Translated Suplee. 
Kent’s “Pocket Book,” 8th Ed. 


296.—Machine parts shall designed, practicable, the meth- 
ods applied mechanics, but such designs shall viewed the light 
experience. should borne mind that machine design not 
based the precise methods vogue for stationary structures. 
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timely paper and great value. have too long considered the 
mosquito sort necessary evil, and great importance 
show that can prevented, generally large expense. The 
writer well remembers, during boyhood, the old rain barrel, the 
corner the house, filled with wigglers. one then connected the 
wiggler with the pest mosquitoes which bothered them all summer, 
and, course, one had any idea that the chills and fever were 
any way connected with the mosquitoes. 
irrigated districts, mosquitoes rapidly become great nuisance, 
unless special precautions are taken eliminate their breeding places. 
Very little systematic work seems have been attempted the 
matter mosquito prevention the West. Few engineers seem 
realize how easy lessen the number mosquitoes such 
degree that they cease pest. hoped that Mr. Miller’s 
paper will serve increase the interest the matter. 

Within the last two years the writer has been engaged small 
irrigation project the Sacramento Valley. Here, everywhere 
else, mosquitoes are nuisance, but here matter much com- 
plicated the presence the species which distributes malaria. The 
problem preventing lessening malaria vital the success 
the project. During the summer 1911, the first year the writer’s 
connection with the enterprise, attempt was made control the 
matter, largely because one appreciated its importance. Experience 
during that season, however, showed the absolute necessity sub- 
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duing the malaria mosquito. Plans were made and work was com- 
menced the season 1912. 

The problem was attacked from all sides. attempt was made 
prevent the breeding mosquitoes, isolate the human carrier 
the disease, and encourage the people the community take 
good care their general health sleeping under screens, using 
good drinking water, and taking quinine preventive. There 
was measure the amount malaria the community previous 
1912, except the records kept the school teachers. These showed 
that for the previous three years about 80% the children school 
age were sick with the disease. the fall 1912, after the one 
season’s work, the percentage children sick with malaria was re- 
duced about 15. During this year there had been great influx 
new people, and, had there been change the conditions, much 
larger percentage sickness might have been expected, for the 
disease always worse the case new comers. The writer feels 
that has reason pleased with the results. 

Whether not the season was favorable, one can say; malaria 
the country generally seemed about usual 1912. Very 
few farmers have much faith the mosquito theory malaria, and 
was hoped, least, establish confidence the method handling 
the matter. There was very little co-operation during the year from 
the farmers, account their scepticism, but found that 
now nearly all them are satisfied that malaria prevention pos- 
sible, that mosquitoes have something with its spread, and next 
year they will give their hearty help, and the work should more 
successful. 

laying the plans, attention was directed drainage, the 
first and most important matter. Open drains were made, order 
prevent surface water from standing. Where drainage was not pos- 
sible, oil was used prevent mosquito breeding. Two men, equipped 
with knapsack sprays, made regular trips over the country and 
sprayed every place where mosquitoes could breed. These trips were 
made least every two weeks the warm weather. The territory 
covered was about 10000 acres. During the season, 1400 gal. oil 
were used. The total cost the work was about there were 
about 1200 people the district patrolled, the cost, pro rated, 
would have been about per person, which trifling when the re- 
sults are considered. The relief from mosquito bites alone would have 
been well worth the cost. 

has been stated that mosquitoes travel only short distances. 
This may true unsettled country, but, where there are many 
people animals, they will travel great distances. the evening 
every traveler will followed swarm the insects, and every 
cow coming from pasture will bring them with her. 
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importance, therefore, exercise care preventing the 


breeding mosquitoes, even remote spots. 

Malaria mosquitoes seem prefer the quieter, warmer spots 
water. They not seem breed ditches streams, but every 
little puddle will produce great numbers. They are little slower 
development than the common varieties, and not become abundant 
until the latter part the season. 

the result the season’s work, the writer would suggest 
the following for community troubled with malaria: 


Drain all surface water. 

drainage not possible, use oil. The cheaper grades oil 
from the refineries, such stove oil, mixed with crude oil, will an- 
swer very satisfactorily. Use fine spray, and distribute enough oil 
form thin, but visible, film the surface the water. 

Keep the person, known have malarial parasites the blood, 
isolated possible. Mosquitoes not generate malaria, but must 
get from the blood human being. Insist that all malarial per- 
sons sleep under screens. Have every such person undergo thorough 
treatment under good doctor. 

Encourage the use good water. Deep wells are generally 
best. Malaria cannot transmitted through water, but every condi- 
tion which tends run the system down will make person less 
resistant the disease. 

all houses, and, special precaution, screen all sleep- 
ing places. Keep indoors much possible after night. The 
malarial mosquito nocturnal insect. 

Take quinine during the season when malaria prevalent. 


doctor’s advice should asked. Take little quinine, matter what 
advises. 
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Colorado out Salton Sea was not much engineering triumph 
triumph engineers, red-blooded fighters, who did not know 
when they were whipped, but realizing that the end justified the means, 
fought victory unmindful its cost. All honor them. The 
writer will the limit expressing appreciation results attained 
the face odds great any with which river engineers may 
confronted; but when the closing this crevasse, which, 
from the nature things, had accomplished rough and ready 
methods, heralded solution all engineering problems pertain- 
ing the Lower Colorado, the writer’s protest immediately entered. 

Having been innocent bystander while some the work de- 
scribed was progress, this paper has been read with much interest. 
The record the operations incident the return the river its 
former channel extremely complete, although partly obscured. 
mass legal and financial entanglements which properly have place 
purely engineering article. 

Lack time will confine the writer’s discussion examination 
some the more important points. The data submitted regard 
the discharge the stream and the degree reservoir control pos- 
sible vary materially from the writer’s ideas these subjects. 
also doubtful the control attainable reservoirs will greatly reduce 
bank caving, which the real problem along this river. While what 
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follows based the best data existence, should understood that, 
before definite conclusions can drawn, much more detailed and ex- 
tended examinations should made. 


apparent that the flood discharge the Colorado could 
reduced materially, thereby bringing the fluctuations between low and 
high water within reasonable limits, the erosion the bed and banks 
would much reduced. There might still limited amount 
bank protection required, but, the control was such keep the 
river within banks, the cost protective works would greatly 
lessened. have recently heard much about the control streams 
storage works; and, with reference the Colorado, one advocate 
claims that storage near the head-waters will reduce flood levels 
much that levees will thing the past; that the flow the stream 
may entirely devoted irrigation, thereby putting water 000 000 
acres land; and also that immense quantities electrical energy 
may developed the water released from the places which 
impounded. the question stream control storage reser- 
voirs has received much attention most civilized portions the 
earth, the writer has made somewhat extended examination the 
literature that subject. 

page 406 the “Report upon the Physics and Hydraulics the 
Mississippi River,” Humphreys and Abbot, the following appears, 
regard the reservoir system: 

“The plan, theory, admirable, and has long been subject 
discussion among European engineers. Artificial lakes for protection 
against floods were constructed early 1711 upon the upper 
Loire, and they have since been advocated, both for improving naviga- 
tion and for restraining floods, eminent writers, 

From page 407 the same publication: 

“Little consideration necessary make apparent that this 
system not applicable restraining the floods all rivers. Certain 
topographical conditions are essential its success. The valley must 
such character that dams reasonable dimensions can con- 
structed, which shall keep back the identical water which otherwise 
would make the flood. not sufficient for this purpose, for 
improving navigation, that large volume water may collected 
the accumulations months. The floods great rivers are tor- 
rents, caused rapidly melting snows and widely extended and 
heavy rains. The greater part this water does not drain from the 
remote mountain sides, and issue from the distant mountain gorges. 
falls the valley itself; and the nearer the main river, the more 
sudden and disastrous will its effects; partly from the more rapid 
accumulation the main stream the contributions the tribu- 
taries, and partly from the absence the natural reservoir furnished 
the various channels, which must filled before freshet originat- 
ing near the sources can reach the lower part river. control 


IRRIGATION AND RIVER CONTROL 519 


such floods with certainty and economy artificial reservoirs, is, 
therefore, essential that certain important tributaries which drain 
relatively large portions the basin shall debouch near their mouths 

from narrower gorges, where dams can constructed reasonable 

cost, and where artificial lakes can formed without injury other 
interests.” 


From page 408: 


“In order give more definite character these conclusions, 
they will reduced figures aid the data collected respecting 
the great June flood 1858, which the merits all these dif- 
ferent plans protection are tested. 

“To have protected ‘the whole delta and the borders every stream 
it, primary tributary’ against this flood, not more than 1050000 
cubie feet per second cou!d have been allowed enter the head the 
alluvial region. Even this quantity would have submerged much 
the lower country, had not the tributaries below the Ohio been 
very low that their united contributions, joined this amount, would 
only have been sufficient maintain the river full banks. The con- 
ditions this flood were then the most favorable possible for the 
reservoir system. 

“During the thirty-six days 1858 from May June 29, in- 
clusive, the total amount water passing the latitude Columbus 
exceeded 648 172 800000 feet that which would have resulted 
from discharge per second 1050000 feet. Reservoirs situ- 
ated above the mouth the Ohio, and sufficient have kept back 
single month fully 000 000 feet water [14 000 000 
acre-ft.] would, therefore, have been essential the security the 


delta, this system had been depended upon for restraining this 
flood.” 


From report the examination reservoir sites Wyoming 
and Colorado, Hiram Chittenden, Am. Soc. E., Captain 
(now General, Retired), Corps Engineers, A.:* 


“Tn other portion her works has nature left much 
done the engineer supplement her deficiencies the modifica- 
tion the natural flow her streams, for other respect are 
her works ill adapted the uses man. The ideal stream would 
one which the flow should uniform from one year’s end the 
other, or, not uniform, varying directly with the magnitude the 


uses which put. 
* 


* * * * * 


“Tt not surprising, therefore, that one the chief concerns the 
engineer the amelioration prevention the evils this un- 
fortunate arrangement nature. Millions dollars are annually 
expended make for the deficiency water seasons drought, 
and like sums prevent alleviate the evils excessive flow. 
Singularly enough, the measures generally adopted are put forward 
disregard one the commonest rules scientific practice. 
evil condition things corrected, the rational method 
procedure remove the cause. all river engineering, however, 
the measures adopted look only the palliation results, and leave 


— 


Annual Report, Chief Engineers, Army, for 1898, Appendix PP, 2845. 
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the cause untouched. channels are dredged out low 
water and levees are built protect from floods high water. 
Searcely anywhere the effort made prevent the occurrence 
either high low water. would naturally follow that, great 
evils result from the variable flow streams, the primary and funda- 
mental object the engineer who called upon correct them would 
make this flow uniform. Whether not this object possible 
realization (and is, what means) therefore one the 
first questions which should settled any comprehensive project for 
the regulation the flow streams. 
* * * 
The only possible method which uniformity flow 
can secured must therefore storing the surplus waters 
seasons flood and releasing them seasons drought. 

“There additional motive for the use reservoirs besides 
that securing uniformity flow. Over large portion the land 
area the earth civilized countries the climate winter prevents 
any considerable use the streams. Even the flow were entirely 
uniform, that portion which takes place the season cold weather 
would mostly lost. derive any benefit from it, must stored 
and held over for the season warm weather. 

“These two purposes, viz., the attainment uniformity stream 
flow and the transfer the winter supply the summer months cover 
the entire argument for reservoir construction. 

* * * 


“se 


“At first thought would seem that storage reservoirs lies the 
whole solution the river problem. store the surplus flood 
season and use season drought ought apparently strike 
the root the whole difficulty, and render unnecessary those 
palliative measures which alone have hitherto received the sanction 
the hydraulic engineer. Why obvious remedy has never yet been 
extensively applied will appear the course this report. 

* * * 


“Tt the cost, not the physical difficulties, which stands the way. 
may stated that general rule sufficient amount storage 
can artificially created the valley any stream rob its floods 
their destructive character; but equally true that the benefits 
gained will not ordinarily justify the cost.* 

* * * * * 

“We now come the question reservoir construction 
the arid region west the one hundredth meridian, exemplified 
the reservoir sites examined Wyoming and Colorado. Are there 
direct and primary motives which would justify reservoir construc- 
tion this country, apart from addition those arising from 
their effect upon the regimen the lower The answer must 
that other part the United States, nor anywhere else the 
world, are there such potent and conclusive reasons, public 
well private nature, for the construction comprehensive 
reservoir system the region here 

* * * * * 


Loc. cit., 2860. 
Loc. cit., 2864. 
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OX * * 


portion the flow that runs away nonirrigation seasons and the 
surplus times annual flood and sudden freshets and make these 
also available for use. Not until that done can stream said 
really utilized the fullest extent. 

* * * & * 


“While there are these clear and positive arguments favor 
the storage the surplus flow our Western streams, there are none 
weight against it. may set down rule, which there are 
very few exceptions, that every artificial body water created the 
West, which the surplus water its streams held back, will 
positive benefit. 

* * * * 


“The foregoing examination has led the following conclusions: 

“First. comprehensive reservoir system the arid regions 
the United States absolutely essential the future welfare this 
portion the national domain. 

“Second. not possible secure the best development such 
system except through the agency the General Government.* 

* * * * * 

“The total extent reservoir system the arid regions which 
shall render available the entire flow the streams will not exceed 
the construction such system were consume century time, 
would represent annual storage about 11600000000 cubic 
feet, 266300 acre-feet. $5.37 per acre-foot this would cost 
per annum. This amount, distributed among the seventeen 
States and Territories the arid region, gives average annual 
expenditure each $84119. The annual value the stored water 
would return the original cost and maintenance average period 


three 


paper “Reservoir Systems and Their Relations Flood 
presented special meeting the Louisiana Engineering Society 
June 25th, 1912, the following appears: 


“The most vital question the moment for the people the lower 
Mississippi Valley how best secure protection from disastrous 
floods, such the one now passing, and the proper solution this 
question the sympathy and assistance the entire country should 
ready aid. flood brings forth multitude plans, each 
purporting the only one capable providing the necessary cure, 
and most them are brought out something entirely new, yet each 
one will, examination, found have been carefully considered 
and thoroughly investigated years ago. One these propositions, 
renewed recently with great energy, has been control these floods 
means reservoirs located near the headwaters the tributaries. 

Loc. cit., 2872. 

Loc. cit., 2878. 

Journal, Association Engineering Societies, September, 1912. 


many sections the natural flow has been used 
practicable so. The only resource left store that Sellew 
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“In view the fact that adequate reservoir systems for the con- 


trol floods all streams would strike directly the seat the 
trouble, seems remarkable that this method should not have been 
used long ago instead the merely defensive method elevation 
overflow land the erection levees. 
* * * * * 

The question, therefore, is, Can this stream flow made 
uniform; so, how and what cost? must answer that 
reasonable degree uniformity flow can secured adequate 
systems reservoirs properly located along streams where the topo- 
graphy particularly adapted such reservoirs; but the pos- 
sibility such control for the Mississippi below Cairo, the 
practicability the scheme, possible, hoped that the following 
remarks will some assistance determining.” 


This paper concludes: 


“Taking the above brief summary the facts into consideration, 
must conclude that the control the Mississippi floods reservoirs 
impracticable accomplishment and that the next best thing 
must relied upon, namely, the levee system with bank protection, 
which should completed rapidly possible.” 


The Pittsburgh Flood Commission, comprehensive and vol- 
uminous report covering recent investigation, concluded that the 
maximum flood the Ohio Pittsburgh can lowered 
approximately ft. the storage about 1000000 acre-ft. 
water, seventeen reservoirs the Allegheny and Monongahela, 

total cost about $20 000 000. 

From the foregoing appears that the desirability and practicabil- 
ity reservoir construction depend existing conditions the 
drainage area the stream under discussion; therefore, each stream 
should subject careful analysis before definite recommendations 
can made. the Colorado receives almost its entire supply from 
melting snows the head-waters, would appear ideal 
stream for reservoir control. 

Storage Works.—Before discussing the feasibility reser- 
voir control the Colorado, attention called Tables 27, 
which show what has been accomplished storage systems various 
countries, with their extent and approximate cost. 

Table contains data ten projects the Reclamation Service 
having total capacity about 3800000 acre-ft., which have been 
constructed average cost $2.65 per acre-ft. 

Table shows other existing reservoirs America with aggre- 
gate storage acre-ft., built total cost 629 800, 
average $1.10 per acre-ft. this list the storage the 
head-waters the Mississippi was utilizing natural lakes, the out- 
lets which were controlled low, inexpensive dams, the average 
cost being only cents per acre-ft. this system excluded, 


o 
TABLE. 23.—RESERVOIRS THE UNITED STATES. BUILT THE RECLAMATION SERVICE. 
works. acre-feet. Total Per 
acre-foot. 
Arizona: 
Roosevelt 280 ft. 284 000 697 000 $2.90 10th Rept., 
New Mexico: 
Oregon 
South Dakota: 
Washington 
Wyoming: 


Lake storage. 
Drainage area, sq. miles. 


=~ 
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TABLE 24.—(Continued). 


Cost. 
Type Storage, 
Location. controlling Source information. 
works. acre-feet. Total Per 
acre-foot. 
MISCELLANEOUS RESERVOIRS. 
Belgium: 
Wales: 
Australia 
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TABLE RESERVOIRS. 


Location. controlling Source information, 
works. acre-feet. Total Per 
acre-foot. 
THE UNITED STATES. 
Reservoir System. Earth and Timber 100 000 750 000 Flood Commission. 
Upper 640 170 000 2.06 Engineers, 1898, Ap. PP, 2832. 
Colorado 
California: 
SUGGESTED RESERVOIRS—GEN. CHITTENDEN. 
Sweetwater 100 ft. 826 900 276 0.85 
Colorado 
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appears that the remainder amounts only 283500 acre-ft., which 
cost about $6.65 per acre-ft. this table there are also five sites 
Wyoming and Colorado, suggested Gen. Chittenden, aggregating 
939 200 acre-ft., estimated cost average about 
$2.90 per acre-ft. This table also shows 70415 acre-ft. storage 
Europe and Australia, which have cost $74 per acre-ft. 

Table contains data ten works France, having total 
capacity 593 acre-ft. and costing 518 900, about $91 per acre-ft. 
This table also shows that acre-ft. storage Austria has 
cost $232 per acre-ft., while Canada reservoirs containing 800 000 
acre-ft. are being created numerous lakes the Ottawa River 
estimated cost cents per acre-ft.; and further, that about 
700 000 acre-ft. South Africa have been built average cost 
$14 per acre-ft. 

Table gives list eleven projects Germany, volume 488 111 
acre-ft., cost $22 449 874, $46 per acre-ft.; shows that Russia has 
800 000 acre-ft. the Volga (no records and that five systems 
India, aggregating 775250 acre-ft., cost $6.77 per acre-ft. The 
storage about 1900000 acre-ft. the Assuan Dam, Egypt, has 
about $10 per acre-ft.* 

The completed storage (Canada being excluded under construc- 
tion) summed Table 27. 

Although there are many storage dams for water supply and power 
various parts the world, they are such relatively low capacity 
and high unit cost that they have place discussion this 
kind. The foregoing data are not submitted complete, but include 
all the larger systems for river control, which records are available 
the writer; and believed that they cover the field quite 
thoroughly. 

appears that the storage the United States (which about 
50% greater than that the rest the world) listed these tables, 
has cost the average only one-ninth much per unit volume, 
while the maximum cost, that Austria, about 116 times the 
average America. The low cost the storage created the 
Reclamation Service, when compared with that the rest the 
world, shown most remarkable manner. 

Determining feasibility controlling stream 
storage will depend largely on: 


(1) The cost, including the value the area flooded, when com- 
pared with the benefits derived; 


(2) The quantity storage required and whether sufficient vol- 
ume available. 


Engineering Record, January 1913. 
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Storage, 
Location. Type controlling works. Source information. 
acre-feet. Total Per 
acre-foot. 
RESERVOIRS FRANCE. 
Loire River......... Recommended for construction, but not built because 
RESERVIORS AUSTRIA. 
Elbe and Tributaries........ Four Projects 000 067 000 159 


Drainage area, sq. miles. 


Papers. 


DISCUSSION IRRIGATION AND RIVER CONTROL 


528 


TABLE 25.—(Continued). 


Storage, 
Location. Type controlling works. Source information. 
acre-feet. Total Per 
acre-foot. 
RESERVOIRS CANADA. 
Ottawa 800 000 $728 000 $0.20 Pittsburgh Flood Commission. 
RESERVOIRS SOUTH AFRICA. 
Concrete and dams........... 505 000 646 000 9.20 
699 696 830 000 $14.00 
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TABLE 26.—RESERVOIRS GERMANY, RUSSIA, AND INDIA. 


Drainage 

miles. acre-foot. 

RESERVOIRS GERMANY. 

700 $343 200 $127 Pittsburgh Flood Commission. 

River: 

Rur River: 

Weiseritz River 

Oder 


RESERVOIRS RUSSIA. 


RESERVOIRS INDIA. 
Bombay 

250 000 450 700 000 6.80 
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(3) The situation such storage, whether placed 
control properly the water-producing zone the drainage 
area; 

(4) The character the water impounded, whether 
clear charged with sediment that the silting will unduly 
shorten the life the works. 

Cost. 
FOREIGN. 
488 111 498 000 
South Africa......... 699 696 830 000 
Miscellaneous foreign 415 171 000 
010 465 $74 000 
To0i0 465 = $18.70 per acre-ft. 

UNITED STATES. 

182 800 $12 684 800 

say, $2.00 per acre-ft. 


182 800 


These factors, applied the Colorado, will considered 
the foregoing order. 

The what has already been written, appears that, 
where storage exists the arid regions, its cost reasonable. As- 
sume that the cheapest sites have been taken and that future storage 
will cost twice much that already created the Reclamation 
Service ($2.65 per acre-ft.), and have $5.30 per acre-ft. This 
close agreement with Gen. Chittenden, who, previously stated, esti- 
mated $5.35 for all storage needed the Arid West. course, each 
site must carefully examined, and detailed estimates must pre- 
pared, which will doubt vary considerably from the foregoing, but, 
from what has been stated, the figure given appears fair 
and reasonable one use this discussion. 

Volume Storage intelligent discussion this 
phase the matter would greatly aided continuous discharge 
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measurements the Colorado River various points, and extending 
over long period. Unfortunately, however, such measurements 
not exist. The most complete records are those made Yuma since 
November, 1902, the Reclamation Service. These observations 
include current meter measurements three times each week. Previous 
records the flow Yuma are based such insufficient data— 
being few scattered meter measurements from which rating-curve 
was constructed—that they are value this discussion. The 
wide variation the quantity flowing for the same gauge height, due 

the change cross-section caused scour, renders observations 
without meter measurement practically worthless. 

Table shows the total discharge the Colorado (excluding the 
Gila) months, acre-feet, the mean monthly discharge second- 
feet, and also the total discharge acre-feet per year from 1903 
1912, inclusive. This table shows that the yearly discharge has varied 
from minimum 9800000 acre-ft. 1904, maximum 
300 000 acre-ft. 1909. The total monthly discharge has varied 
397 000 acre-ft. June, 1912. 

considering the uses the stream for irrigation, proper 
forecast nearly possible the lowest flow that anticipated. 
doing this, the writer has compiled Table 29, showing what may 
called “ideal minimum year”, and also the monthly use water 
for irrigation Yuma. This table has been constructed selecting 
from Table the minimum January discharge, the minimum Febru- 
ary discharge, for all months included the latter table. This 
gives minimum year containing total discharge 315 500 acre-ft., 
and these discharges are shown monthly totals the diagram, 

36. 

For the present, the duty water this vicinity assumed 
acre-ft., its use being distributed throughout the year shown 
Table 29. hoped, and indeed expected, that this use water 
will reduced considerably larger areas are put under cultivation 
and the settlers become more skilled the application water, but 
for the present this appears the best distribution for 
view the fact that the use now considerably excess 
acre-ft. Fig. also platted the use which can made 
the stream for irrigation without any regulation whatever. This was 
ascertained the following manner: The use water February 
being about 0.25 acre-ft. and the lowest run-off that month being 
182 500 acre-ft., was found that this quantity was sufficient for the 
watering 730000 acres. This was assumed the limiting month. 
greater areas were placed under cultivation, there would short- 
age that month time when the new crops are usually going in. 
Taking this 730000 acres basis, and platting the monthly duty 


5 
q 


AND MEAN SECOND-FEET. 


TABLE COLORADO LAGUNA DAM TOTAL ACRE-FEET PER MONTH 
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JANUARY. FEBRUARY. MARCH. APRIL. JUNE. 
Year. 
Total Mean Total Mean Total Mean Total Mean Total Mean Total Mean 
acre-ft. sec-ft. acre-ft. sec-ft. acre-ft sec-ft acre-ft. sec-ft acre-ft. sec-ft acre-ft. sec-ft 
1903 185 407 182 531 286 867 722 980 788 957 268 957 151 880 116 946 382 
1904 223 630 217 367 702 980 479 663 061 699 554 641 599 687 
1905 310 680 058 879 894 848 087 202 945 482 419 293 324 298 507 351 748 
1906 286 880 649 362 795 532 986 040 036 512 098 412 201 350 065 005 070 
1907 470 980 730 191 000 410 028 500 140 230 000 900 640 000 800 
1908 889 000 320 425 500 400 827 060 000 800 1670 000 200 550 000 900 
1909 800 597 629 700 827 715 500 708 984 687 310 561 840 240 488 104 
1910 945 335 499 346 100 498 485 400 708 472 513 500 123 000 
1911 541 487 800 742 610 400 067 213 685 400 764 960 000 818 576 200 
1912 244 400 423 676 370 697 002 770 183 552 890 507 982 800 397 107510 
JULY SEPTEMBER. NOVEMBER. DECEMBER. THE YEAR. 
| 
Total Mean Total Mean Total Mean Total Mean Total Mean Total Mean Total Mean 
1908 589 166 581 898 736 701 504 869 211 321 271 399 266 598 336 907 419 060 
1904 914 548 874 649 802 920 689 185 108 523 041 275 305 4477 882 461 590 
1905 102 883 496 445 482 980 855 440 770 571 720 298 043 327 180 
1906 311 956 148 779 683 694 668 720 020 710 575 673 680 422 481 020 
1908 82600 395 288 800 633 818 700 585 000 510 481 000 090 961 300 590 840 
1909 79297 389910 2807545 138 860 839 000 561 917 400 517 098 400 306 334 880 
1910 591 480 600 948 200 429 000 466 916 426 770 940 108 656 440 
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the ratio shown Table 29, appears that the volume water mr. 
used will that shown the shaded area Fig. 36. This arrange- 
ment may create slight shortage September, but the use that 
month near the minimum run-off that the danger considered 

slight importance and neglected. 


| 
| 
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Acre-Ft. 


Discharge, Hundred-Thousand Acre-Feet per Month 


4 


Jan. 


36. 


well remark that the continuous irrigation acres 
depends the diversion the entire river, and substantially all 
that can accomplished, unless the stream regulated, even should 
the duty water increased, for seen that the use water 
the extremes the year low can anticipated, and 


| on 
= 
4, 
Uniform Flow 
Apr. May June July Aug. Sept. Oct. Nov. Dec. 
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although saving may made the summer months, will allow 
the cultivated area only during those months, because 
the crops which grown continuously for twelve months the 


year are limited the small quantity water available during 
low flow. 


Minimum Percentage Monthly discharge 
Month. discharge, dut total for year 
acre-feet. yearly duty. ratio duty. 

185 407 0.20 3.6 801 
182 531 0.25 4.5 000 
367 702 0.30 5.4 453 500 
479 663 0.41 619 801 
670 000 0.52 9.4 786 100 
550 000 0.70 12.8 058 100 
591 480 0.80 14.6 209 500 
September..... 948 0.56 846 701 
October.... 429 428 0.38 6.9 574 500 
November......... $21 271 0.26 4.7 150 
December.......... 266 598 0.22 4.0 651 

504 5.50 100.0 815 504 


There drawn Fig. line showing the uniform flow through- 
out the year, which would the rate acre-ft. per month. 
The establishment such uniformity discharge would value 
controlling the floods and also for power purposes, but extremely 
wasteful toward the irrigation interests, because this line practically 
coincident with the maximum use water July for 730000 acres. 
The reinforcement the low flow this method would not allow 
increase the area under crop the summer. would cover more 
ground, however, during the winter. 

Table also shows the percentages irrigating water required 
per month, and this basis the discharge the low-water year 
315 500 acre-ft. has been distributed. This assumes complete regula- 
tion the river, entirely the interests irrigation, and the dis- 
tribution throughout the year shown the shaded line. Under 
such regulation, 1500000 acres (which agrees with the author’s esti- 
mate) could irrigated. This the area that could served with 
the flow the Colorado past Yuma observed during the years 
under discussion. The lower Gila erratic its discharge that 
not very dependable supply, for which reason omitted. 
the foregoing should added any area existing the upper 
reaches already under cultivation and which assumed has re- 
ceived its supply. regulate the river indicated would require 
storage capacity about acre-ft., which, $5.30 per acre-ft., 
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would cost $12 720000. Such regulation low-water years would also 
have very beneficial effect the flood discharge. The maximum 
monthly volume would about 1400000 acre-ft., equivalent ap- 
proximately 50000 acre-ft. per day, 25000 sec-ft. The effect 
this discharge the bed and banks would but slight, com- 
pared with what goes the present time, and would keep the lower 
river well within its banks. 

Although this amount storage would make the river ideal 
one irrigation during periods ordinary low flow, would 
have little beneficial effect floods the maximum years, will 
seen from inspection the diagrams Plate XLIX. Here the 
daily discharge acre-feet during the flood periods shown for the 
years 1903 1912, inclusive. 

When the river Yuma rises above 125 the local gauge; over- 
flow various points within the limits the Yuma Project, 
and levees become necessity. the control the stream storage 
regulate the discharge such way that levees will not re- 
quired, the volume passing when the gauge above 125 must stored. 
the diagrams referred horizontal line has been drawn repre- 
senting 125 the Yuma gauge, and the volumes discharge above 
this gauge height various years are clearly marked. They were: 


1910 (the gauge did not rise above 125) 

And the season just passed..............2417000 


for the ten-year period. 


storage for the maximum these quantities, 
000 acre-ft.—and this necessary all overflow pro- 
hibited along the lower river—the cost storage, sufficient sites 
existed, would $37 estimated $5.30 per acre-ft. Should 
this considered excessive provision make, and were thought 
better take what damage would come from flood this kind 
(which might infrequent occurrence), and storage were provided 
for the next largest year, which 1909, 5391000 would 
required, which would cost, the same basis, $28572300. This 
would give protection that would have been ample during the last 
years, with one exception. take the average the excess 
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discharge Yuma above the 125 gauge for the last years, 
get acre-ft., which about that required regulate the low 
flow the interests irrigation. The cost creating this amount 
storage $5.30 would $11 With such control the river, 
however, overflow would have occurred years during the last 10. 
Attention directed Table which exhibit the annual 
discharge the river from 1894 1911, inclusive, period 
years. The first years have average discharge acre-ft., 
and the last years show average acre-ft., indicating 
most remarkable, sudden, and continued increase run-off. Such 
increase might possible with small drainage, but, with tributary 
area more than 250000 sq. miles, the variation appears alto- 
gether too much. aid the examination this question, various 
publications the Weather Bureau have been used the preparation 
Fig. 37. For the northern part the water-shed, continuous ob- 


1880 


Years Observation 
37. 


servations within the drainage area appeared available, there- 
fore Denver, Salt Lake City, and Cheyenne were used. These stations 
are probably indicative conditions within the area under considera- 
tion. For the central and southern portions, the records Prescott, 
Tucson, Yuma, Phenix, and Flagstaff were taken. The average 
precipitation for the entire period 12.92 in., shown the heavy 
line. That for the period 1894 1902 11.73 in., and for 1903 1912 
15.20 in. These latter amounts are indicated the shorter and lighter 
lines. Thus appears that although the run-off the latter half 
the period covered Table about 2.4 times that the first half, 
the increase precipitation was only 1.3 times. Furthermore, 
appears that the sudden increase precipitation did not occur until 
years after the change indicated the table. There doubt 
that there considerable difference the run-off the two periods, 
but not nearly great Table indicates. The explanation 
clear: November, 1902, careful and systematic gaugings the 


a 
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stream were inaugurated Yuma the Reclamation Service, 


the data since collected are dependable. The data prior that time 
are based rating-curve constructed from few observations that 
the results are worthless. The first half Table should not have 
been presented. 

Available Storage indicated general way the 
volumes storage required attain various degrees control 
the Colorado Yuma, the next inquiry relates the existence 
such storage. The writer has not the advantage having made 
personal examination the upper river and its tributaries, hence this 
portion the discussion must limited the data found pub- 
lished reports which has access. The only authentic data found 
are contained the various annual reports the Reclamation Service, 
which reference made for more complete information. The first 
reference the Second Annual Report, page 123, “Investigations 
Colorado where mention made the various schemes 
examined. page 132 data are given dam site Williams 
River, where 1300000 acre-ft. storage may created. The state- 
ment made that investigations site Bulls Head were abandoned 
because poor foundation. 100-ft. dam this point would pro- 
vide storage for 845000 acre-ft. The lower end Pyramid Canyon 
was examined. Surface conditions appeared favorable for high 
dam, but suitable foundation was found. were possible 
build dams these points, the scheme would impractical because 
the reservoirs would soon filled the deposition sediment, 
which will appear from data given later. Reference made this 
difficulty the Second Annual Report, page 155, where may read: 


“Tn connection with this question the study reservoirs which 
silt up, seems most necessary that thorough investigation 
made the reservoir possibilities upon the head-waters the Colorado, 
above the points where the streams carrying large quantities silt 
enter, that permanent reservoirs may established anticipation 
the time when all the irrigable lands the Colorado will 
under ditch.” 


Thus the Second Annual Report shows available storage sites 
for the permanent control the river. 


The Third Annual Report, page 70, has the following: 


“Colorado River Storage has been thought neces- 
sary store water the Rocky Mountain region for the regulation 
the flow the Colorado River, with view the reclamation 
about 600000 acres land along the lower Colorado Arizona and 
California, certain reservoir sites have been withdrawn western 
Colorado, two these being Grand River, Grand County, and 
two Yampa River, Routt County. Preliminary examinations 
have been made all these sites, and some them have been 
surveyed.” 
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page 217, the Kremmling site credited with capacity 
1500000 acre-ft. Grand Lake about 23000 acres are reported 
withdrawn, but capacity given. Two sites the Yampa were 
located and 100000 acres withdrawn, but capacity given, 
the data were not complete. 

the Fourth Annual Report, page 121, stated that the 
Kremmling site more than 1000000 acre-ft. may stored dam 
180 ft. high, and that 230-ft. dam would impound 200 000 acre-ft. 

page 124 reference made further examinations Grand 
River above the Kremmling site, where stated that: “Few reser- 
voir and dam sites worthy investigation were encountered during 
the reconnaissance.” 
Reference made to: 


Windy Gap site—capacity.............. 100000 acre-ft. 
Lehman 


264 000 acre-ft. 


The first site crossed railroad; would require large dam; 
and 75% the area flooded would ranches already under cultiva- 
tion. The second site would cover valuable land under cultivation, 
and slight consequence size. Regarding Grand Lake, the 
report says, page 127: 

“Considered site for storing water for use along 
the lower Grand and Colorado rivers, Grand Lake, will readily 
seen from the foregoing, would little value.” 

appears, then, that this report shows storage sites value 
except the Kremmling, with possible capacity 200 000 acre-ft. 

The Fifth Annual Report states, page 114, that the field work 
connection with reservoir sites the Colorado was brought 
close late 1905, and additional examinations have been made 
since those described the Fourth Annual Report. The Sixth Annual 
Report gives additional information regarding this matter. 
page the Seventh Annual Report reference made investiga- 
tions for storage reservoirs along the Green River and its tributaries, 
from which the following obtained: 


Flaming Gorge site—capacity.......... acre-ft. 
Island Park site—capacity............ 150000 
Browns Park site—capacity........... 2500000 


000 acre-ft. 


additional information contained the Eighth, Ninth, 
Tenth Annual Reports. 
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Taking from the foregoing those sites which appear available 


for storage the tributaries the Colorado, have: 


Capacity acre-feet. 


Grand River: Kremmling site................. 200 000 
Green River: Flaming Gorge site.............. 350 000 
Island Park 180000 


Browns Park site............... 2500000 


Railroad interests have secured control the Kremmling site, 


therefore its future development may prevent the creation reservoirs 
any magnitude. Such result would remove the only known reser- 
voir capable controlling the Grand River, and would reduce the 
known available storage for uses the Lower Colorado 
acre-ft., all confined the Green. This but little excess that 
for minimum-year control the interests irrigation, and 
furnishes little relief the years maximum flow, when, pre- 
viously shown, acre-ft. must stored order prevent 
overflow, unless dependence placed levees. The foregoing data 
are not sufficient determine with accuracy the feasibility reservoir 
control the Colorado River. conclusions properly 
drawn, investigation should show the total available storage, its 
geographical distribution, and whether placed that will con- 
trol the run-off from the various parts the catchment area. Should 
sufficient storage exist save the surplus the maximum years for 
use years low flow, the irrigable area along the Colorado could 
increased correspondingly. 


The Quantity previously stated, reservoirs created 


the lower portion the stream would very soon fill with deposits, 
the Lower Colorado notorious silt carrier. Professor Forbes* 
says, regarding Colorado silt: 


“Beginning with January, the regular low winter water averages 


about parts sediment 100000 parts water during January, 
February, and March. These sediments are probably chiefly the result 
erosion upon the upper river channel, rather than surface sweepings 
into the drainage. During April, the river rises with the melting 
snows its highest water-shed, and its erosive power increases, the 
sediment rises average 112 parts; during the highest waters 
May and June, average 374 parts; decreasing with the lower- 
ing waters July. and August average 122 parts. The sum- 
mer rain-storms September, October, and November, partly within 
Arizona, bring the silt its maximum parts, Oct. 8-13), after 
which the quantity sinks the normal amount for winter waters, 
averaging 151 parts 100000 during the two months ending Jan. 
24, 1901. 


*Bulletin No. 44, Experiment Station, pp. 198 and 200. 
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The average acre-foot Colorado river water for the 
year observation carried 291 pounds silt, varying from 1182 
410 pounds shown 6-day composite samples. 

“On the basis the profile constructed from available data for 
the volume flow the Colorado, and the year’s silt determina- 
tions made this laboratory, estimated, conservatively, that the 
river during 1900 brought down about 61000000 tons sedimentary 
material, which, condensed the form solid rock, enough 
cover 26.4 square miles one foot deep; or, make square miles 
dry alluvial soil one foot deep; or, make about 164 square miles 
recently settled, submerged mud one foot deep, reckoning the whole 
amount mud for the year average 6.2 times the bulk the solid 
sediment.” 


From these extracts appears that 1900 the volume sediment 
varied from 0.062% January, February, and March, 
May and June, and that following desert rains was high 
2.07 per cent. area 164 sq. miles mud ft. deep equals 105 000 
acre-ft. Since May, 1909, the Reclamation Service has observed the 
quantity sediment passing Yuma, the results being shown 
Table 30. 


silt, weight. annually. 


967 577 010 
839 245 115 
357 686 265 734 


The observations 1909, although few number, covered the 
period from May 26th October 7th, and should give fair average. 
Those 1910 extended from April 19th December 1911 
they extended from January 11th December 28th, and 1912 from 
January 4th November 30th, the discharge being estimated 
December 31st. shown Table 30, the total quantity sediment 
passing Yuma during the last years, when measured submerged 
mud, has exceeded 1000000 acre-ft. This proves conclusively that 
reservoirs for the permanent control this. stream must placed 
the head-waters where clear water exists. 

The author shows Table approximate storage about 
000 000 acre-ft., and although qualifies the table stating that 
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“theoretically and would have reduced for “com- mr. 
mercially feasible developments,” the table variance with 


facts misleading its present form, and likely lead unin- 
formed persons erroneous conclusions. Storage the Gila out 
the question, this stream carries more silt during its flowing 
season than the Colorado. Little Colorado, Bill Williams Fork, and 
San Juan must eliminated for the same reason. The Kremmling 
site the hands interests foreign irrigation storage develop- 
ment. The only site value contained Table Browns Park 
the Green, which has capacity about acre-ft., pre- 
viously indicated. This analysis reduces the author’s “theoretically 
possible” acre-ft. reservoirs which will silt 
few years are controlled that they cannot are 
not the “possible” class. 

There are some statements which the writer cannot with 
the facts they have come under his notice. water supply 
1000000 acre-ft. said ample for 1000000 acres the San 
Juan country, though reality two three times that quantity will 
probably necessary. The area the Yuma Project some 
acres, instead 90000. Table showing mean monthly discharge 
from 1894 1911, valueless, for the results from 1894 1903 are 
based erroneous data, previously shown. 


Rise 


The data regard the rise bed Yuma are based observa- 
tions made largely the Reclamation Service, but are not considered 
the writer sufficiently definite justify the 
though the advance the delta into the Gulf will tend raise gauge 
heights points above, certainly many more observations are neces- 
sary before definite relations established between the rise 
the Yuma gauge and the memory steamboat captain. 

There least one other cause for variation gauge height 
different points the stream, which entirely dissociated from any 
advance into the Gulf. There are two points the lower river this 
vicinity which may regarded definitely fixed. They are Laguna 
Dam and the conglomerate hills Yuma between which the river 
passes. The floods 1909 and 1912 carried the same 
quantities their crests, 150000 sec-ft., but the difference the 
elevation water surfaces between the Yuma gauge and Laguna Dam 
was ft. greater 1912 than 1909. The casual observer might 
think that this indicated rise the bed the stream. found, 
however, that the slope per mile was substantially the same, being 
ft. 1909 and 1.04 ft. The rise not due any silting 
the channel, but plainly caused the meanders the river. 
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The records show that the distance from Laguna Dam Yuma has 
varied follows: 


Some these various meanders are indicated Plate The 
river 1912 between the points mentioned was miles longer than 
1909, and this accounts for practically all the increased difference 
elevation the water the two points. The same phenomenon 
true the lower river, and, assuming given elevation the 
Mexican boundary, the increase length the stream due meanders 
will give increased height the Yuma gauge, whether the river 
advancing into the Gulf not. 

The author’s description the works the Project and 
remarks relative thereto, indicate unfamiliarity with the subject. 
very excellent account the work Laguna Dam may obtained 
from articles* the Resident Engineer, Edwin Vincent, Am. 
Soe. The Colorado Siphon has been described the 
These cover the main features the work. and 
canals are common, and those Yuma present unusual con- 
ditions, that description appears superfluous. 

The author’s statement, that rock fill such was used for closing 
the crevasses which discusses could have been used place 
Laguna Dam, open serious doubt. What built has been used 
levee, which purpose answers admirably. How would act 
overflow weir, carrying sec-ft., even covered with con- 
crete, problematical. addition concrete top, crest and foot- 
walls appear necessary prevent the top from being under- 
mined, and, these are provided, the resulting structure will not differ 
materially from Laguna Dam either design cost. 


LEVEES. 


The statement that the flood December 7th, 1906, caused levee 
failures the Yuma Project due the absence muck-ditches, 
not correct. October, 1906, the writer took charge the Yuma 
Project, and his first act was order muck-ditches under all new 
levees. The slight damage done here the flood December 7th, was 
caused burrowing animals and the overtopping work which was 
incomplete. 


Engineering News, February 27th. 1908, and June 10th, 1909. 
Engineering News, August 29th, 1912. 
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Regarding the advantages and disadvantages land-side and river- 
side borrow-pits, the writer has fully expressed himself,* that 
not necessary comment further. Particularly this when the 
author states that “realized that this was not accordance with 
the usual practice.” Based personal examination made few 


after the break December 5th, 1906, the writer hazards the 


opinion that the damage caused head in. against the levee 
was due primarily the presence land-side borrow-pits, although 
small quantities water came under the levee itself many places 
due the absence muck-ditch and the improper grubbing the 
foundation. 

Regarding the loan grading camp the Service, 
which outfit the author declares did work excessive cost, the follow- 
ing submitted: 

Immediately following the break, December, 1906, the writer 
discussed with Mr. Cory the feasibility assembling sufficient force 
construct levees required before the coming the annual freshet. 
that time was not known how much levee work would done, 
the surveys were ir.complete. Consequently, contracts were let, 
and the size the outfit which could immediately available was 
not known. various interests stake, the writer sug- 
gested that, assist overcoming the difficulty, one camp Gov- 
ernment stock then operating the Arizona levees transferred for 
the use the California Development Company. Mr. Cory welcomed 
this suggestion; authority was secured from the Department; and the 
camp was immediately transferred. was supposed when the transfer 
was made that the camp was work for the California Development 
Company and not for contractor. However, shortly after the move 
was made, the superintendent the camp informed the writer that 
was working under the direction contractor, and was next 
impossible for him obtain the proper supplies keep his camp 
efficiency. visit the camp showed the facts substan- 
tially stated, and personal appeal was made Mr. Cory remedy 
the matter. This was remedied, measure, but conditions con- 
tinued such that, soon was evident that the camp was 
not necessary secure the completion the levees advance the 
annual flood, the men and equipment were brought back the United 
States. 

The camp that was loaned the Co. had been work for 
considerable time prior, for the Reclamation Service, and continued 
thus employed for several years thereafter. was one the 
most efficient camps which the Service has had levee construction. 
There have been completed the Yuma Project about miles 
levee, aggregating more than cu. yd. excavation, the ac- 


Engineering News, February 15th and April 11th, 1912. 
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complishment which compares most favorably every way with 
any levee work which has come under the writer’s notice. 
Government work seems general pastime people who are not 
responsible for it, and certainly contractor desired place 
Government camp unfavorable light, Mr. Cory granted him 
most excellent opportunity so. 

Under the head “Criticism Levee Work Done” the author 
shows that after Consulting Board from the Reclamation Service 
had advised the methods levee construction, their 
tions were ignored and second Board was necessary before the recom- 
mendation the location borrow-pits was complied with. The 
author states that the use the checker-board system borrow-pits 
increased the cost the work about cents per cu. yd. Experience 
the Yuma Project has shown that increase cents per cu. yd. 
ample cover this kind borrow-pit, and the writer believes 
that the protection thus afforded fully justifies the additional expense. 


INTERNATIONAL NEGOTIATIONS. 


International agreements are necessary comprehensive plan for 
the control the Lower Colorado. Such agreements must preceded 
diplomatie action, and while such negotiations may progress, 
discussion this phase the matter appears inopportune. 


The author correct the statement that this diversion has had 
little effect river levels the entrance the Imperial Canal. The 
observations show that has had effect whatever. The writer has 
little first-hand knowledge the work the Abejas, carried out under 
the direction John Ockerson, Past-President, Am. Soc. E., 
does not feel qualified discuss it. wishes state, however, 
that the delay starting the work, due causes over which Mr. 
Ockerson had control, which exposed the operations the menace 
the flashy winter floods, had much with the progress. 
believed that the Ockerson plan levee the river the range tidal 
influence the correct one; until this done and the levees are made 
secure against the attack the current, the Lower Colorado cannot 
regarded under control. 


Tue 
The author concludes: 


“Because the various and unsuccessful work done 
the region, the engineering features irrigation and river control 
along the Lower Colorado are now understood, and engineering con- 


struction methods are thoroughly developed. 
* * * * a 


— 
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“The Colorado River Delta now presents unusual unsolved 
gineering difficulties; its problems are chiefly matters statecraft, 
both river control and irrigation.” 

After more than years service, during which time about 
miles the lower river has been his charge, the writer wishes 
state that, his judgment, the real problem this river not 
generally understood. This problem, for the solution which the 
author offers aid, bank protection. Construction methods for its 
accomplishment are not developed, and cannot attained state- 
craft, high the talent engaged. from this menace 
will come only from hard work and liberal expenditure money 
the immediate banks. When levees are undermined while the stream 
below bank-full stage, clear that many years must elapse be- 
fore river this magnitude will controlled reservoirs such 
way that caving banks will eliminated. plan which these 
banks may made stable will now outlined but, before proceeding 
with it, short sketch the flood 1912 may interest. 

VARIOUS CROSS-SECTIONS COLORADO RIVER 
YUMA, ARIZONA, DURING 1912. 


, 
Yi 
Yj 


[77] August/1 | 


| 


Yuma Gauge Heights 
Yuma Gauge Heights 


iv 2) 


The annual freshet 1912 first made its appearance the Yuma 
gauge March 12th, the reading then being 117.8 ft. and the dis- 
charge sec-ft. continued rise until June 22d, when the 
gauge was 129.1 and the discharge was nearly 150000 sec-ft. During 
this rise the erosive action the current was causing radical changes 
the bed and banks the stream, may seen Fig. 38, showing 
conditions the gauging station. there seen that low water 
the width the river was 420 ft., its average depth about ft., 
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maximum depth ft., and the area the flowing prism 1420 sq. ft. 
the crest these dimensions had become, width 600 ft., average depth 
ft., maximum depth ft., area 20740 sq. ft., the discharge having 
increased times and the area about times. This increase area, 
320 sq. ft., made 440 sq. ft. caused the rise the 
gauge and 880 sq. ft. (60%) which was the increase section due 
scour. These modifications cross-section were probably maximum 
the gauging station, where the width the stream restricted; but 
similar changes, although less magnitude, are characteristic the 
lower river. 

During the rise, extensive meanderings were progress various 
points, the first attack which required defense being between 103 and 
miles below Yuma, the Arizona side, where the levee had been 
out the river 1909. During 1909 and 1910 efforts were 
made hold this portion the bank with fascines and other light 
brush protections, but such work was soon carried out, and resort was 
then. had permeable dikes piles and brush. About seventeen 
permeable dikes have been built, beginning May, 1911. Some 
these dikes are shown Figs. and Plate LI. this point 
the Steamer Searchlight, with pile-driver barge worked throughout 
the flood 1912 building dikes and defending the bank between them 
with fascines. temporary levee was also thrown when the river 
threatened overflow. The efforts here were successful, the dikes holding 
well and preventing further recession the bank line, and the tempo- 
rary levee removed all danger from overflow. 

The first attack the Reservation levee was the point, 
Plate the beginning the rise, the bank this point was some 
800 ft. from the levee, but June 15th bank caving set in, and 
June 17th, when the river was within 150 ft., defensive operations 
were commenced. all our floating plant was engaged below Yuma, 
the fight here had made from the shore. When the stream went 
overbank the bottoms were flooded within 150 ft. the levee, making 
defensive operations impractical until the caving reached this point. 
Fascine mats weighted with sand sacks were hung over the face 
the bank, but, the water was more than ft. deep, such defenses 
would not reach the bottom, and, although our work delayed the ad- 
vance the stream, was slowly undermined, demonstrating that 
strong revetment would necessary hold the river check. Con- 
ditions along the front this point are shown Fig. Plate LI. 
Fortunately, the Reservation levee furnishes the location for the Pot- 
holes Branch the Southern Pacific Railroad, therefore, rock, which 
was the only material that would save the day, could delivered the 
site the works and dumped directly into place. Rocks weighing from 
tons were ordered from the Declez grante quarries some 200 miles 
west Yuma the main line the Southern Pacific. The railroad ex- 


PLATE LI. 
PAPERS, AM. SOC. 
MARCH, 1913. 
SELLEW 
IRRIGATION AND RIVER CONTROL, 
COLORADO RIVER DELTA. 


1.—PERMEABLE DIKES. 


Fic. ALONG THE FRONT. 


“ 
7 
2.—PERMEABLE DIKES. 
+ 4 
> 
4 


IRRIGATION AND RIVER CONTROL 547 


pedited the shipment, and within hours after the order was placed Mr. 


first train load, consisting fifteen cars, was being thrown into the 


river. this time the river had cut the toe the levee slope, 
the water there being ft. depth, therefore the rocks rolled from 
the cars could directed the point where they would accomplish 
the most good. Considerable brush and thousands sand sacks 
mixed with the rock, also limited quantity spoil which was avail- 
able from the quarries Laguna Dam. the flood came crest, 
the attack extended for length about 900 ft. Several bad sand 
boils appeared the inner toe. Fig. Plate LII, shows one these 
boils “hooped” with sand sacks. This menace became serious some 
instances that one time the destruction the levee appeared 
only matter few hours, and arrangements were made con- 
fine the overflow case the levee went out. About 500 ft. the rear 
and parallel the levee one the canals the Reservation dis- 
tribution system. The outer bank this channel was hastily con- 
nected with the levee above and below the threatened portion sand- 
bag dams (Figs. and Plate the canal bank between these dams 
being raised about ft. above the river level. Sand bags were neces- 
sary the ground, because the seepage, was under several inches 
water, and stock could not worked upon it. These dams and the 
bank would have confined the overflow this area had the 
levee gone out. was also intended flood this enclosed area 
depth ft. more check the sand boils, water for this pur- 
pose being supplied from the canals, but the boils were checked 
liberal use sacks along the front before such action was necessary. 
Figs. and Plate LIII, show the character the rock used for pro- 
tection, and Fig. Plate LIII, view the Steamer Searchlight 
engaged dragging the larger rock from the cars with her steam 
capstan, the boat having been temporarily transferred for this purpose 
from the work below. 

The flood crested about June 23d, and then fell 
rapidly. June 25th there was further danger overflow, but 
dumping the spoil, order blanket the outer slope and reinforce 
the levee, continued until August 18th. 

While this attack was progress, another was initiated the 
river the point, Plate the caving banks came 
the levee toe with water depth ft., and the defense was prac- 
tically repetition the one just described. 

June 25th, the river having fallen below the overflow line, 
shipments Declez rock were stopped; steam shovel was placed 
commission Laguna Dam, and work train and crew were obtained 
from the Southern Pacific Company, which, with assistance from our 
dinky engines, continued dump rock and spoil the points, and 
until August 18th, when 18000 cu. yd., including 1300 cu. yd. 
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Declez rock, had been placed. this date the threatened levees were 
safe from further attack, and the work was stopped. the present 
time the river lies against the rock slope the levee for 1500 ft. 
and for 1000 ft. Should these conditions remain until the next 
flood, further rock revetment will probably necessary immediately 
above and below each these points, therefore steam shovels, cars, 
and engines are being placed condition this work required. 

While the attack the Reservation levees was going on, rapid 
bank caving was also progress the Arizona side below Yuma. 
The work the 12-mile post has already been briefly described. 
the 16-mile post the river was 600 ft. from the levee May 25th. 
June had moved out 1300 ft. June 10th had re- 
turned within 500 ft., June 20th about 300 ft., and June 25th 
cut through the levee. When the caving had approached within 
300 ft. the levee, provisions were made protect the work. There 
was floating plant available for this protection, and, had there been, 
effective use would have been possible, the depth water 
and velocity the current made the construction spur dikes im- 
practicable. there was railroad the levee, rock could not 
obtained, the roads the nearest quarry, miles away, were im- 
passable for heavy loads. The only defense that could offered was 
protect the bank fascine mats, there being plenty suitable willow 
brush near hand. The force employed, consisted mainly Cocopah 
Indians, was rather indifferent labor, but diligent efforts the rate 
caving was delayed much that, when reached. the levee 
June 25th, the river had fallen below the natural bank level and 
overflow occurred. 

Shortly after the cutting out the levee the river swung away for 
several hundred feet, and later came back for portion this dis- 
tance, the present position the river being shown the meander 

About July the river being well within its banks, the patrol 
which had been maintained during the flood was removed. this 
date serious cutting appeared any point between Yuma and the 
International Boundary Line, the American side the stream. 

August 10th was found that the river had cut through the 
levee the 24-mile point, but the bank here being above the river 
level, overflow had occurred. June 20th, few days prior 
the the flood, the bank this point was 1300 ft. away 
from the river, and there appeared have been material change 
July 1st, when the patrol was taken off; thus appears that the caving 
here must have been extremely rapid. 

All work bank protection was continuous, day and night, while 
the danger overflow existed. During this period the temperature 
the day averaged 106° and night about degrees. Because the 
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extreme heat, the work was very hard the men, and times our yr. 
efforts were greatly hampered lack labor. All the Indians 
the vicinity were pressed into service. Wages were temporarily in- 
creased attract idle men the Town Yuma, and the Reserva- 

tion the settlers, whose lands were threatened, turned out practically 

man and fought valiantly the defense their homes. 


Future Bank 
The work bank protection should directed: 


(1) Toward holding existing levees and regaining lost ground, 
order that work which has been destroyed may rebuilt 


near its original position, thus maintaining nearly pos- 
sible the irrigable area; 


(2) cause the river occupy position about midway be- 
tween the levees order prevent, possible, the erosion 
one season from reaching the embankments; the river slopes 
the levee should made impregnable river attack. 


also desirable, order prevent meandering—which, 
shown previously, may result rise plane—to confine the stream 
the shortest route consistent with fall about ft. per mile. 

Regarding the recovery lost ground, the writer aware that 
the building levees their old locations has not been generally 
practiced. The following, relating the Mississippi, from 
stonal Papers No. 41, Engineer School, A., page 278: 


“Location.—The two objects levees, protection land and con- 
centration flood discharge, will most efficiently obtained build- 
ing the levees close possible the river bank, and, owing 
the general slope the bottom land, the banks are usually higher 
than the land farther back, their location close the river satisfies 
generally the two conditions maximum usefulness and minimum 
cost, and the river were straight and its banks stable better loca- 
tion could sought; but the river not straight and the banks cave 
rapidly, and location close the river therefore has some disad- 
vantages. some the long points the river levee following 
the bank will have, compared with line across the point, length 
not justified the small additional amount land protected. 
rapidly caving bend levee close the river bank must short 
time destroyed. Complications are also frequently introduced 
the existence the old river lakes caused cut-offs. The short and 
direct line would pass between the lake and the river, but such 
requires usually high and large levee and involves danger 
from the nature the soil recently deposited the old river bed 
and the probable existence permeable sub-strata liable washed 
out hydraulic presssure during floods. the other hand, the 
line around the lake, though safe, apt extreme length. 

“The question levee location is, therefore, not simple matter and 
should receive careful consideration, but such consideration has, un- 
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fortunately, not been always given it. Most the existing levees 
have grown gradually the incorporation the main system and 
successive enlargement old levees built private parties for their 
own protection, and the location these old levees, having been made 
without any reference general system, is, course, many 
cases, faulty. Even where the levee has been built entirely anew the 
location has been most usually fixed the local boards, who are, 
course, subject local influences, and many levees have thus been 
located too close caving bank, order include special farms. 
“But even when new levee located with reference only 
its general use, the question not easy one. the banks the 
river cave with any regularity, the cost new levee and its life 
any location could balanced against the value the additional 
protection obtained this location. But the caving does not 
with any sort regularity; some places that may not have caved for 
years will suddenly begin cave rapidly, and other places where 
has long been going the caving will sometimes somewhat 
suddenly cease. placing levees near caving banks, therefore, 
study must made the locality and the river for some 
miles above, and, general, considered good location for the 
levee this study indicates probable life about twenty years.” 


Although years was formerly considered economic practice 


the Mississippi, recent developments have modified it, shown the 
following 


“Tt the judgment the Commission that these revetment works 
and some others which will imperative within short time are re- 
quired for the preservation the levee system. Without them 
permanently completed system will impossible. The increasing 
height and cost the levees and the rapid development the country 
protected them greatly augment the disaster crevasses. break 
sparsely populated country small calamity compared with break 
levee feet high, discharging over thickly populated country 
threaded with railroads and filled with towns and factories. Owing 
the height now necessary control the floods the expense 
replacing undermined levee new line going far around 
lake impassable swamp enormous. The point development 
has which the only. economical way maintain the levees 
hold the banks against caving—not everywhere, but all places 
where the special conditions exist which have just been described. 
This stage the work only recently reached.” 


The area protected the Colorado levees will occupied farms 
rather small area, and consequently comparatively large popula- 
tion will dependent them. Intensive farming will practiced, 
and the preparation the land will expensive, therefore appears 
that overflow should prevented all possible safeguards. The 
integrity the levee system will depend principally bank protec- 
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tion. There are two general methods which this may accom- 
plished: (1) give the bank revetment which will protect against 


erosion; (2) keep the main current away from the banks, that 
erosion cannot occur. 

Revetment may continuous throughout the river, salient points 
which are strongly attacked may treated first, the work being ex- 
tended occasion demands. The most extensive revetment the 
United States, not the world, found along the Mississippi 
River and its tributaries, where the General and State Governments 
and local levee boards have engaged protective works for many 
years. The standard revetment consists woven brush mat 
fascine mattress protecting the bed the stream for short distance 
from the shore and the side the channel below low water. Above 
low water, where brush deteriorates rapidly, the bank graded 
uniform slope and paved with rock. Such work very expensive. 

The magnitude bank protection and river control large 
Survey the Mississippi from St. Louis its with 
view obtaining channel ft. deep and suitable width. 
page stated that the date the report, 1909, there 
had been expended the General’ Government the Mississippi 
from the mouth the Missouri the head the Passes more than 
$88 000 000. addition, there had been some millions spent the 
riparian States and local levee boards. 

Reference again made Occasional Papers No. 41, Engineer 
School, A., being Resumé Operations the First and 
Second Districts the Mississippi Improvement, 1882-1901.” This 
material, which covers the work done the National Government 
under the direction the Army Engineers, has been compiled de- 
tail Eveleth Winslow, Major, Corps Engineers: 


(From page 45): “It now considered settled that plan for 
the permanent improvement the channel the contraction its 
low-water width, the work bank protection should precede the 
dikes and other structures that class, and that the latter 
may regarded supplementary functions and necessary only 

(From page 47): “It was recognized from the beginning the 
Commission’s work that the construction works bank protection 
and channel contraction detached reaches would subject in- 
fluences more less unfavorable from changes unprotected bends 
above. commencing work the detached reaches Plum Point 
and Lake Province, the Commission was not oblivious this fact, 
but was influenced other considerations which seemed overbalance 
this disadvantage, and has not since seen good reason doubt the 
wisdom that decision. But the experience gained those reaches 
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emphasized the fact that highly important any project for gen- 
eral and permanent bank protection leave unprotected reaches 
above the work done from changes which new conditions may 
produced improved parts the river. And considered the 
Commission that undertaking complete and permanent system 
bank protection the work ought begin the upper end the river 
near Cairo and carried thence down-stream with substantial 

“It considered that the annual cost maintenance completed 
work could not estimated less than ten per cent the original 
expenditure.” 


(From page 233): “The object bank revetment protect the 
banks the river from destruction the currents. The active 
agency this bank destruction erosion, and bank revetment must 
therefore prevent this erosion. Perhaps the easiest and most obvious 
method doing this laying over the exposed surface the 
erodable bank non-erodable covering, and this the method adopted. 
This non-erodable covering must, course, fairly durable, must 
have sufficient strength withstand any strain put upon it, and must 
free from interstices through which scour might take place. 

“Owing the fluctuations the river, the different parts the 
bank are subjected different conditions. Below the low-water line 
the bank always wet; above that line sometimes wet and sometimes 
dry, and this difference conditions allows, does not require, 
that the portion the bank above and below low water treated 
differently. 

“Above low water the bank can seen and the non-erodable cov- 
ering can laid with ease, and has been found that here properly 
laid stone pavement forms efficient protection. The individual 
stones this paving must, course, large that they cannot 
moved the current, and was found experience that stones 
this size are not themselves sufficient, through their interstices 
scour could take place when the bank was sandy and the current strong. 
This has been prevented first covering the bank with layer 
spalls crushed rock such thickness and closeness prevent 
scour through them and hold this down with layer larger stone. 
Such protection, when carefully laid, has been proven all that 
required for the upper bank. 

“Below low water the conditions are different. impossible 
construct the non-erodable covering actually place, the next 
best thing done, constructing the surface the water above 
where lie, and when constructed sinking it. this way the 
continuity the covering can assured, and can placed ex- 
actly where needed. has been stated, this covering must not 
contain interstices through which scour can take place, for such 
not only would the purpose the covering not fulfilled, but 
such scour its own eventual destruction would assured. 

“The covering actually used has been mattress brush and the 
only kind that has been found prevent scour very rapid cur- 
rents the fascine mattress. moderate currents another type 
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mattress might do, but changes current are always yr. 
likely happen the fascine mattress only should used.” Sellew. 


(From page 256): “In the early work brush was used covering for 
the upper bank, but, subject was here alternate submergence 
the water and exposure the atmosphere, decayed rapidly and 
possessed little strength after about two seasons, and was this rapid 
decay the brush permitting easily and expos- 


ing the bank erosion, that led its disuse and the substitution for 


(From page 260): “It probably safe estimate that fascine 
mat built small brush will effective for least twenty-five years 
and that when good proportion large brush used its life will 
considerably extended.” 

Applying these principles Yuma, revetment should begin 
Laguna Dam and proceed continuously down stream, leaving un- 
protected caving banks above completed work. 

The portion the revetment lying above low water should con- 
structed grading the bank about slope and paving 
with rock. This necessary, any brush work laid this por- 
tion the bank, being subject alternate periods submergence 
and exposure the air, will deteriorate about two seasons and 
little use holding the bank. Below the low-water mark, the 
sides the channel. and the bottom for ft. from shore should 
protected fascine mattress. Assuming that the gauge oscillation 
along the stream about ft., slope for this height 
would give exposed bank about ft., and, with stone paving 
ft. thick, would require cu. ft., or, say, cu. yd. rock per lin. ft. 
bank. using the quarries Laguna Dam and Pilot Knob, 
delivering the stone into barges, and then towing the material into 
place for use, fair estimate for the material place the bank 
will about per cu. yd., per lin. ft. bank. addition, 
assume that brush mattress will cost about per lin. ft., making 
total for revetment $10 per lin. ft. bank, $50000 per mile. 
The distance from Laguna the Mexican boundary about miles, 
and probably least two-thirds this distance, miles, will re- 
quire continuous revetment. cost $50000 per mile bank 
per mile river, 30. miles revetment would cost about 
000 000. 

The foregoing quotations from the Mississippi.reports state that the 
annual maintenance bank revetment should not taken less 
than 10% the original cost, which means that expenditures for this 
purpose must duplicated each years. 

Waters Fox, Am. Soc. E., assistant engineer charge 
some the Missouri River improvements, states* that miles 
the alluvial portion that stream had been improved cost 
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500 000, about $56000 per mile. The division this cost was 
stated him follows: 


Care of, repairs, and moving plant........ 
100 per cent. 


thus seen that, this particular case, the cost mainte- 
nance was more than double that assumed for the Colorado. Another 
thing considered the matter bank protection the source 
the material The supply rock the quarries 
Laguna Dam and Pilot Knob abundant, but the same cannot 
said regarding the brush, which for the best results, should young, 
live willow. Occasional Papers No. 41, Engineer School, A., 
previously referred to, the following appears page 46, extract 
from reports the Mississippi River Commission: 

“Another fact now definitely settled that the construction 
mattresses the type now employed large scale, the supply 
material becomes element the problem presenting serious dif- 
ficulty. The area willow-producing bar necessary supply material 
for mile fascine mattress 300 feet wide practically five times 
great that required for equal length mattress built the 
early years the work. The quantity small willow growth used 
this form mattress great that the estimate the yearly 
supply available along the whole length the river from Cairo 


Vicksburg not more than sufficient for the making miles 
per annum bank revetment.” 


The writer not aware how the growth willow along the Colo- 
rado compares with that along the Mississippi between Cairo and 
Vicksburg, but will assume for the present that the quantities are 
about equal. The assumption will also made that the quantity re- 
quired for the Colorado will not more than one-third much 
that the Mississippi; therefore, 600 miles river provide for 
miles revetment the Mississippi, would provide for miles 
the Colorado. 600 miles river will furnish material for 
miles revetment, then miles river between Laguna Dam and 
the International Boundary would provide for about miles such 
work annually. the miles which suggested the 
revetment applied there would miles revetted bank, and 
miles per year would require years build this revetment 
with the ordinary growth. This makes allowance for the annual 
repairs, which are estimated per cent. would also im- 
practicable, even with the material available, construct this revet- 
ment immediately, not only account the constructive difficulties 
doing much work short space time, for the control the 
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stream revetting its banks and contracting its channel must neces- 
sarily slow because the changes which these works bring about can- 
not occur immediately. this point the writer quotes from Occa- 
Papers previously mentioned, page 41: 

(From the Mississippi River Commission’s report for 1889): “This 
work still incomplete, although its feasibility and value have, 
thought, been fairly demonstrated. is, however, well understood 
now that likely prove slower process than was first supposed, 
for the work cannot hurried. must gradual and progressive.” 


Seventeen years entirely too long period over which stretch 
this work, the protection the Government’s investment and the 
welfare the settlers demand that the control the river almost 
immediate. 

The radical difference between the high-water and the low-water 
channels the Colorado furnish another obstacle the foregoing 
form bank protection. examination the diagram (Fig. 38) 
shows, that while protection the upper bank the rip-rap could 
readily accomplished, would impossible place the fascine 
mattress the proper position. low water, when conditions are 
favorable for mattress work, the channel silted that mat- 
tress sunk position would not even approximate the place should 
protect the flood channel from erosion. high water, 
when the channel scoured out and the bank protected ex- 
posed, the depth water and the velocity the current are too 
great accomplish work this class successfully. 

From the foregoing appears that mattress revetment below low 
water, combined with rock revetment above, should not applied along 
the Lower Colorado, for the following reasons: 


(1) The high first cost and excessive cost maintenance (10%) 
(2) The time required (17 years) for the natural growth pro- 
duce the willows necessary for this form protection; 

(3) The impossibility placing the mattress its proper posi- 
tion, due the silted condition the stream those seasons 
when depth and velocity are favorable for such work; and 

(4) That great floods concentrated attack might destroy 
portion the mattress time when its repair the pro- 
tection the bank thus exposed would impossible. 


Rock Revetment.—Another method protecting the bank would 
make the revetment entirely rock. low water the exposed 
slope would graded, properly rip-rapped, and the foot this 
slope large quantity loose rock would placed (Fig. 39). the 
high-water channel was created the scour the current, this loose 
rock would undermined and gradually slide into position, making 
revetment along the bank thus exposed which would practically 
permanent protection. approximating the cost such work, let 
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assumed that the average depth along the levee during high water 
will about ft. known that exposed points where severe 
cutting has been progress has been much ft., but, for 
general average depth which revetment should extend, ft. appears 
safe. Suppose that the rock will stand slope then 
the length the revetted slope contact with the water will ft., 
and, the revetment ft. thick, the area the section will ft. 
Assuming that, owing wasteful methods which this applied, 
one-half lost, then the sectional area rock per linear foot which 
has placed along the levee 135 sq. ft., cu. yd., 
yd. per mile bank, equal 50000 cu. yd. per mile river. 
For miles this would mean the placing about cu. yd. 
material. 


Flood Level 


Low-Water Bed 


High- 
39. 

Should such course adopted, quarries would opened each 
side the river Laguna Dam, which, connecting railroads, 
would supply the levees within economic reach. Another quarry 
Indian Hill, opposite Yuma, would serve for the portions above and 
below for proper distances, while quarries Pilot Knob would control 
the remainder the California side. From this latter point, tempo- 
rary trestle, which appears the best arrangement, would connect 
with the Yuma Valley levee, the Arizona side the Colorado. 
Later, was decided extend similar treatment the Gila levees, 
the Arizona quarry Laguna Dam would control the levee the 
north side the stream, while the south levee could reached from 
Penitentiary Hill. Considering now only the embankments along the 
Colorado, appears that the suggested treatment will require rail- 
road over their entire length, which about miles. These levees 
are already existence, and the cost equipping them with track 
rails) estimated follows: 

Cost per mile railroad existing levee: 


(Say, $7000 per O75 
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There railroad the Reservation levee between Yuma and 
Laguna Dam, and deducting this length miles from the miles 
required leaves miles built. $7000 per mile this cost 
would $329 000, which may added about for the Pilot 
Knob trestle, giving total for railroad construction of, say, $340 000. 
The average length haul from these quarries will approximate 
miles, and should done for not more than cents per ton-mile. 
The yd. will equal about 000 tons, and with average 
haul miles, gives 000000 ton-miles, which cents equals 
$675 000. Using large steam shovels, quarries with long and high faces, 
mined with small tunnels which heavy charges are used, would 
appear that the material could placed the cars outside price 
cents per cu. yd.; this should added, say, cents per cu. yd. 
for spreading and placing the rock the slope, giving cents per 
cu. yd. the cost above that hauling. cents, 1500000 cu. yd. 
would cost which, added the expense hauling, makes 
total charge $1500000, which increased when the 
cost building the railroad included. Adding 10% for contingencies 
and repairs gives round sum $2000000 for protecting miles 
bank. 

Although these estimates must considered approximations, 
appears that permanent rock revetment can had for not more than 
one which mattresses are used, and probably for less. The per- 
manence the rock, its slight maintenance cost, the ample quantity 
available, and the fact that can placed well during attack 
high water low, makes the best and most economic protection 
for the banks the river between Laguna Dam and the Mexican 
boundary. Once the tracks were the levee, exposed points could 
quickly protected, and the remainder the work could proceed 
desired. 

Deflecting protection deflecting the currents 
away from the shore that erosion cannot occur may done 
spur-dikes opening channels across sand-bars which are the cause 
the impingement. The deflection currents brush dikes has 
been tried many and with varying degrees success. 
They are subject destruction the natural course deterioration, 
deep scour which occurs around their outer ends, and the under- 
cutting eddies below them which they have created. They have been 
tried sufficiently along the Lower Colorado under the writer’s direc- 
tion demonstrate that best they are only temporary expedient. 
built cottonwood piling, which grows along the banks the 
stream, their life would not exceed years the maximum; 
probably the average not more than years. Constructed fir 
piling, they could depended for years. If, the end 
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that time, the new banks which had been created silting between 
them were not protected revetment, probable that the dikes would 
need renewal, order hold the work. One other disadvantage 
spur-dikes that the proper location for them demonstrated only 
the varying attack the river, and, when this attack comes on, the 
water generally deep and the currents swift that the dikes 
built. then necessary defend them best one can 
until lower water, and perhaps, the falling stage, the river changes 
its point attack, that dikes are needed other places. the 
writer’s judgment, protection spurs should used only emer- 
gency; they have place any permanent form bank protection 
this river. 

Dredging.—There remains the method diverting the current 
opening channels across sand-bars. Wherever the banks have been 
attacked, the impingement has been caused directly the formation 
deposits the opposite side the stream. these deposits build 
out toward the opposite bank, the flowing prism the river nar- 
rowed, the concentration the water increases the velocity, the channel 
correspondingly deepened, and, result, there deep water and 
high velocity against caving bank. Under such conditions, were 
possible open channel sufficient dimensions across this bar, 
and the current could induced follow this new channel, the 
attack the bank would immediately relieved. some instances, 
where the encroaching bar short and other conditions are favorable, 
channels have been opened and relief secured liberal use 
dynamite. Such method impracticable most cases along the 
river. seldom that condition that can relieved 
explosives. 

The following taken from Occasional Papers No. 41, page 44: 


“The experience with the revetment work previously done had 
shown inadequate for the purpose, and rapid changes type 
were not made until there was developed the standard the 
present day: fascine subaqueous mattress with upper bank paving 
stone. But the revetment work had gradually been increased 
strength, had also increased cost, until the new standard type 
the cost had reached about $30 per linear foot bank, approxi- 
mately per mile. 

“As the large cost systematic improvement the whole river 
became evident, the Commission was led investigate means for 
temporarily improving navigation during the low-water season. The 
principal obstructions met with are the sand bars built during high 
stages, through which the river slowly cuts channel the flood 
recedes. this process could assisted and hastened, navigation 
would improved thereby, and this end experiments were made 
with dredges. These experiments, started 1894, were successful 
and result the Commission was led reconsider the whole sub- 
ject the river improvement, and result this study the Com- 


wer 


IRRIGATION AND RIVER CONTROL 559 


mission decided adopt new plan for future operations, namely, 
depend for the relief the immediate needs navigation upon 
dredging, and restrict the improvement bank revetment 
special localities, where local interests necessities demanded it.” 

(From page 46): all these facts together became apparent 
several years ago—not all once, but gradually, facts accumulated 
and the deduction experience was unfolded—that was not pos- 
sible any all the methods which had been employed ac- 
complish such permanent improvement the river from Cairo down 
was necessary meet the urgent demands commerce within any 
reasonable time come. was this disagreeable but unavoidable 
conclusion from the work preceding years, together with the recent 
and wonderful development the hydraulic dredge, that led the 
Commission undertake the experiments dredging the bars the 
river with the view the temporary improvement its low-water chan- 
nel which has been detailed recent reports the Commission and 
which more extended reference made elsewhere this report. 
Those experiments have proceeded favorably far hold out 
reasonable probability entire success.” 


suction dredge large capacity and light draft which could 
maneuvered the Colorado during flood stages would value 
opening channels across sand-bars. During low water the dredge could 
used creating channel about midway between the levees those 
points where attack from caving banks was imminent. The excavated 
material could deposited the vicinity the levee through pipes 
carried pontoons, thereby building the banks and making their 
alignment more regular. 

might appear first thought that the quantity material 
moved would require dredge unheard proportions, and that 
the expense would prohibitive, but such work appears well 
within the range the hydraulic dredges developed for work 
the Mississippi River, the largest which have capacity 
cu. yd. per hour. About one-third their time lost tie-ups for 
repairs during high water, maneuvering for position bars, and 
change position, that throughout the year the. dredge would 
operate not more than 240 days, 5760 hours. Such operation 
the dredge would result removing about 11000000 cu. yd. 
material. 

Assuming low-water discharge sec-ft., passing Yuma with 
velocity ft. per sec., the area the flowing prism would 
1500 sq. this was excavated, with depth ft. and width 
300 ft., the miles such channel between Laguna Dam and the 
Sonora line would contain about 400000 cu. yd. clear that 
such quantity excavation will ever required along the lower river 
any one season, therefore the dredge under discussion has ample 
capacity. The questions examined are: (1) its cost; (2) whether 
can designed dimensions which will allow navigate the 
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shallow and tortuous channels the Colorado; and whether can 
operated during floods for opening channels across the bars. 

Referring Document 50, 61st Congress, page 55, where shown 
memorandum project for maintaining hydraulic dredging 
alone navigable channel, ft. deep and 500 ft. wide, between St. 
Louis and the mouth the Ohio River: The estimates provide for 
dredges, each with capacity cu. yd. per hour, cost, with 
all attendant floating plant, tools, auxiliaries, $6000000, 
$300 000 per dredge. The annual maintenance stated $100 000 per 
dredge. estimating the cost dredge, its life here assumed 
years, and sinking fund provided for its renewal the end 
that time. 


Estimated Annual Cost Dredges. 


$120 166 


The maintenance the channel dredging would require con- 
tinuous work, year after year, permanent results being obtained. 
about years the sum the annual maintenance would equal the 
estimated cost the rock revetment, and the maintenance, capitalized 
3%, gives amount double that for which appears safe and 
bank protection may obtained. Whether not dredge 
ean built satisfy the local conditions cannot stated from the 
data hand, but such operations will cost double those necessary 
for permanent bank protection, further examination this direction 
appears needless. 


The purpose this discussion indicate general way the 
present conditions along the Lower Colorado, and point out, from 
analysis the data here assembled, the future course which will proba- 
bly productive the best results. appears: 


(1) That their present state, the levees are the mercy the 
meanders the stream, except throughout those portions where 
railroad occupies the levee top; 

(2) That checking the meanders the stream permeable dikes 
during low water and brush defences during high water are simply 
emergency works which accomplish permanent good; 

(3) That owing the large amount scour during freshets and 
the fill-back the falling stage, bank protection means willow 
mattresses constructed other places impractical, not 
impossible 
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(4) That bank revetment, permanent character and reasonable 
cost, when compared with other methods, can readily and quickly 
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accomplished with rock placed from railroad trains operated the 


levee tops and connecting with existing quarries which are within 
reasonable distance; 

(5) That further investigation needed before can predicted, 
with any degree accuracy, what effect the possible storage flood 
water the upper reaches will have the flood discharge and the 
meandering tendency the lower river; 

(6) That doubtful the amount control obtained this 
manner will eliminate the necessity bank protection, and, even 
such control could obtained, number years must elapse before 
can made effective; 

(7) the meantime, existing works will continue menaced, 
therefore protective measures greater lesser magnitude must con- 
tinue. view this fact, and the probability that some caving banks 


will always exist, the money spent for their protection should for 
permanent revetment. 


Nothing the foregoing should construed opposing any 
degree the creation storage works the head-waters the Colorado. 
All feasible sites should carefully examined, their probable in- 
fluence estimated, and well-determined construction plan matured. 
Such preliminary action necessary before the advantages come 
from the complete development this river can realized. 

The destiny this stream should controlled engineers rather 
than statesmen, the author suggests. 


review the irrigation development the Imperial Valley and the 
measures taken control the Colorado River, describes the most 
unique achievement American engineering since Eads deepened the 
mouth the Mississippi. The Society indebted Mr. Cory for 
having given such complete history. 

the gap the Colorado had not been closed, Imperial and 
other towns would have been buried deep under the waters 
inland sea; the grain fields and orchards thousands farmers, 
and representing the savings lifetimes, would have been blotted out; 
one-twelfth the irrigated area California would have disappeared 
the Laguna Dam would to-day have probably been only memory; 
and the greatest change the earth’s geography which has taken place 
within recorded time would have been established fact. 

Only those who heard the turbulent torrent that roared through the 
break the bank the Colorado and saw the forest-covered lands 
along the new channel melt and disappear its depths, could under- 
stand the appalling nature the disaster which impended and the 
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tremendous odds which had faced restore the river its 
original channel. 

risked, with the chances the side failure. The courage with 
which Mr. Randolph and Mr. Cory assumed their trying responsibility, 
and the generalship which they showed handling their immense 
equipment, are not made clear Mr. Cory’s paper. Only who 
knew the conditions faced can fully appreciate the superb merit their 
achievement. 

The chief value this paper, however, not found its descrip- 
tion the engineering methods used, but the social and political 
conditions, attending irrigation development the West, which 
reveals. This history shows that, far this enterprise was con- 
cerned, there was utter lack direction and supervision, 
either State National aid; and, these are fundamental features 
irrigation development, that portion the paper which the 
writer proposes discuss. 

the duty the Government conserve the public re- 
sources and give any regard the general welfare the people de- 
veloping them, this should shown the enactment intelligent 
land and water laws and adequate administrative control streams, 
this the only means ensuring the full development re- 
sources and the right conditions life the arid West. This part the 
country embraces two-fifths the Nation’s area. was almost worth- 
less without irrigation, immensely valuable now, but the change 
has been accompanied waste effort, loss money, and the 
infliction hardships and injustice which could have been easily 
prevented the State and National law makers had done their duty. 

When Western settlement reached the arid region, Congress should 
have provided for the diversion rivers under public control, and 
accordance with general plan. This would have secured the irriga- 
tion the best land, prevented the duplication canals, the build- 
ing canals where there was water fill them. should either 
have built the large and costly irrigation works Government projects, 
safeguarded the private investments these works, making 
land and water security for the cost. Instead this, there has never 
been any satisfactory title water, and the public land has almost 
invariably passed into control hostile independent the irriga- 
tion works. Instead adequate security, there was never, prior the 
passage the Carey Act and the Wyoming State law accepting this 
Act, any security for the money spent irrigation works water 
public lands, and least these enterprises were 
financial disasters. 

all important irrigation had been built the Govern- 
ment, money could have been obtained one-fourth the interest charge 
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the majority private projects had pay, and without the ruinous mr. 
discounts loans which the flotation these enterprises entailed. 
Low interest rates would have made much lower water charges possible 
and thus removed from American irrigation its most serious handicap. 

there had been any attempt frame land law suited require- 
ments the arid region, would have once been manifest that 
the homestead should have been reduced acreage instead in- 
creased, because requires more labor cultivate irrigated acres 
than does 160 acres watered rain, and the returns are larger. 
Instead reducing the homestead and restricting settlement home- 
steads, however, the Desert and Land Act was passed, which gave 
640 acres the individual, conferring title without residence, without 
cultivation, and too often with the mere pretence watering. The 
Desert Land Act was promoted the rich range stock was 
the worst handicap irrigation ever had, and, instead aiding the de- 
serving settler, took away his best opportunities. Instead public 
control streams, men fought for their possessions with shotguns 
and shovels along the banks, with more costly weapons the 
Courts, where litigation, instead settling issues, rule, created 
new fields for controversy. The water-right litigation the arid 
States has not only been continuing source ill-feeling, injustice, 
waste, and loss, but its existence reflection the capacity the 
law makers who are responsible for it. understanding these 
matters necessary rightly interpret what occurred the Imperial 
Valley. 

The irrigation and settlement the desert Southern California 
should never have been left private enterprise. This was case 
for direct Governmental control and responsibility. The desert 
was below sea level. was worthless the State, dangerous travel- 
ers, and ugly look upon. was known that the Colorado River 
was stream subject torrential floods, and that the banks were 
alluvial; and required only the slightest consideration realize the 
danger which would menace settlers they were allowed make 
homes this valley without the diversion works being made safe 
beyond question. The benefits which would come from irrigation and 
settlement made matter direct concern every resident 
California, gave the project National importance, and justified its 
construction public work. 

If, however, the State did not build the works, was its duty 
supervise them and protect the private enterprise which did. Before 
investors were allowed risk their capital settlers risk their lives 
and comfort, some public authority should have seen that the 
land was fit cultivate, and that there was legal title water; 
and there should have been inspection engineering plans and 
investigation financial arrangements. 
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Instead this, irresponsible company without capital employs 
engineer, whom fails pay. right 10000 cu. ft. per sec. 
navigable international stream established the engineer 
posting notice uninhabited jungle weeds and brush. 
course, this was farce, but was the manner establishing water 
titles prescribed the law California. That the title was worth- 
less was shown later, but the early investors did not know this, they 
trusted the State uphold and defend its statutes, and were betrayed. 
Any one who reviews this record must amazed the exhibit 
imperfect laws and the incompetence indifference the public 
authorities. The surveys public lands were shown have been 
fraudulent, which was bad enough, but delay six years correct- 
ing them was infinitely worse. The examination the soil should 
have been made before settlement instead afterward, and should 
never have been made except experts having practical knowledge 
irrigation. Instead proper land law, much the land was 
acquired non-resident speculators. 

When the water title was attacked the Interior Department, 
was the duty the State defend its authority grant titles and 
protect this struggling project and the unfortunate settlers. For this 
protection, however, they had look foreign country, and one 
wonders what would have been the result Mexico had been in- 
different the United States. This attack the water title 
the United States seems have been morally wrong even legally 
defensible. 

Finally, when was known that the river was beyond control, 
and the most appalling calamity that ever menaced the State Cali- 
fornia was impending, should not have been left bankrupt com- 
pany and impoverished settlers cope unaided with this disaster. 
was the duty the State Nation take charge, and provide 
the money and men needed restore the river its former channel. 
Apparently, one authority was interested, the State Government 
only considered the matter long enough write letter the Presi- 
dent, and the President, having Congress his hands, shifted the 
responsibility the head railroad company; and was not until 
this railroad company took charge that have the first refreshing 
example generosity and public spirit. Nothing could have been 
finer than the action Mr. Harriman. The loan $250000 when 
his time and resources were overtaxed the earthquake San 
Francisco, providing more than for the last hazardous at- 
tempt save the valley, furnishes inspiring contrast the supine 
indifference and irresponsibility shown both the State and Federal 
authorities. 

The Imperial Valley produced last year crops worth 000. 
The most desolate part California has become attractive, productive, 
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and profitable; but, when one contemplates the hardship, anxiety, 
suffering settlers, and the waste and loss the investors the 
enterprise, one cannot help feeling that the conditions which imposed 
such burdens development ought removed. 

The National and State benefits which have resulted ought 
have brought both wealth and public recognition the pioneers 
the enterprise; instead, its engineer and organizer was the end 
the scrap heap, his life work wasted; and large percentage 
the pioneer settlers, after untold hardships, had give and 
leave. Many those now the valley have had pay high prices 
for their land the result early acquirement speculators. The 
Southern Pacific Company, although requested the President 
the United States save this valley from destruction, has not been 
paid for doing so. The speculators the company, who were astute 
enough get two dollars for one, have many instances become rich; 
the lawyers who have had charge the unending litigation have reaped 
fruitful harvest; but those who worked for the real success the 
enterprise, the men who risked their own comfort and that their 
families create homes, have paid penalties which are entirely un- 
necessary where irrigation development carried out under proper 
system control. 

Mr. Cory’s paper needs read connection with that recently 
submitted Mr. Lewis, the State Engineer Oregon; both papers 
show the need for change the public conception the duties and 
responsibilities the Government conserving and developing public 
resources, and general appreciation the need more effective laws 
for safeguarding investments and making the settlement arid lands 
easier, cheaper, and safer than this has been the past. 
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that Mr. Meem will publish such information regard topography, 
climate, sub-grade, kind stone, expected traffic, will show 
the range adaptation the design presented. this way costly 
experiments may avoided. 

The writer’s experience leads the conclusion that the “variance 
specifications,” deplored the author, really one the most 
encouraging features the development road building, 
implies recognition the widely differing conditions met, 
The use design, because has been success some other locality, 
may result loss time and money. 

For example, experience teaches that road constructed with such 
base the one cited would probably faii section where, 
porosity the soil and seepage from higher land, the sub-grade was 
saturated for extended periods. this case the base must rendered 
nearly impervious possible using fine material the bottom 
fill the voids. 

Bearing mind Macadam’s insistence the use small frag- 
ments, the writer would suggest the query: road ever the better 
for having large stone, say, greater than in., any part its 
section 


This discussion (of the paper Meem, Assoc. Am. Soc. E., published 


December, 1912, Proceedings, and the meeting 19th, 1913). 
printed order that 
for further discussion. 


views expressed may brought before all members 


Mr. 
Sweetser. 


Mr. 
Crosby. 


568 DISCUSSION WATER-BOUND MACADAM ROADS [Papers. 


separating the screenings into two sizes, suggested Mr. Meem 
and used successfully the Memphis-Bristol Highway, Tennessee, 
seems improvement over the usual specification for the appli- 
cation the binder course. The writer has obtained quicker bond 
applying the screenings small quantities until the required bond 
was obtained. When the dust fracture applied, together with 
the coarse material the screenings, the dust when wet seems 
“ball” and prevent the coarse material from filling quickly the 
voids the macadam. From the experience the Memphis-Bristol 
Highway, the suggested improvement would seem hasten the obtain- 
ing proper bond. 

few words water-bound macadam and the automobile may 
not out place. Engineers should hesitate, and consider local 
conditions very carefully, before specifying the construction water- 
bound macadam highways. With the improvement the highway, 
automobile traffic sure increase, and soon becomes necessary 
construct surface which will withstand this traffic. the majority 
cases the most economical time this when the improvement 
made. Mr. Meem states that the suggested improvement 
“less affected automobile traffic.” Why not construct once, 
that will not affected all? 

spite knowledge gained through the experience road 
builders, both the United States and Europe, there are miles 
water-bound being built America where some 
other form pavement should have been specified. 


the “bond” the road, apparently meaning the cemented condition 
brought about the action water the stone dust. this deduc- 
tion correct, the writer cannot agree with one the author’s prem- 
ises, namely, that such “bond” “the difficult and essential thing 
obtain water-bound road.” 

If, however, the “bond” is, the writer understands the term, the 
interlocking the angular particles stone with each other, supple- 
mented the cementing the fine material, then the writer pre- 
pared agree with Mr. Meem certain extent. The qualification 
has mind that such bond, while always essential, only 
difficult secure with proper stone where the sub-grade for any 
reason inclined churn into the macadam stone and its 
intrusion prevent their proper compaction. Such bond, course, 
something secure rolling, but this does not seem the 
writer real “difficulty.” 

The method construction proposed Mr. Meem has been tried 
the writer various occasions, but without his becoming favorable 
it. one two instances, where “granolithic” “grit” (the 
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chips between the and screens) was demand for other 
purposes, the crusher product was robbed part this portion 
and the remainder was used described the author two applica- 
tions, without other benefit than securing this way some “grit” 
for another use. 

seems the writer that probably the superiority results, 
stated Mr. Meem secured his method, comes from the applica- 
tion the screenings two relatively thin layers with thorough roll- 
ing between them. 

Too many roads are built where, after rolling the second course 
(or “No. stone), the screenings are applied heavily one coat 
inch more thick, and rolled and watered until the surface seems 
cemented. Such roads seldom wear well, raveling shortly and 
continually. The cementing thus secured and the 
macadam beneath porous. If, however, the screenings are applied 
thin layers, and each layer flushed and rolled into the voids the 
“No. 2’s,” then the macadam will more dense and less likely 
ravel. the writer’s opinion, with the latter method, makes very 
little difference how the screenings then are made sizes, 
unless they come from limestone. the latter case sufficient quan- 
tity coarse particles non-cementitious material must added, 
mixing separate application, offset the extreme tendency 
the fine limestone material, forming paste the surface, 
prevent the proper filling the voids the macadam. 

The writer’s specifications, this particular, have been follows: 


“Material. 


“173.—The third course the macadam construction shall con- 
sist trap rock screenings varying size from dust 1-inch pieces. 
Other material than trap rock screenings may used approved 
the Engineer. screenings shall not used with 
limestone second course, unless approved writing the Engineer, 
unless clean sand, approved the Engineer, used substitution 


under the direction the Engineer, for least 50% the limestone 
screenings. 


“Spreading. 


the second course No. stone has been rolled and 
completed above described, the screenings shall spread, but 
ease shall screenings used until the second course has been 
thoroughly rolled and compacted. The screenings shall spread dry, 
with shovels from piles alongside the road from dumping boards; 
but shall the screenings dumped directly the second 
course. The quantity screenings used shall such will just 
cover the second course. 
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“Watering and Rolling. 

“175.—After the screenings are spread they shall first rolled dry 
and then sprinkled with water from properly constructed sprinkling 
and then re-rolled with steam roller weighing not less than 
ten tons. The amount water necessary shall determined the 
Engineer. The rolling shall begin the sides and continue until the 
surface hard and smooth and shows perceptible tracks from 
vehicles: passing over it. 

after rolling the screenings, the No. stone appears 
the surface, additional screenings shall used such places. 

rolling and watering shall continue until the water 
flushes the surface. The rolling extend over the whole 
width the road, including the shoulders.” 


The closing sentence Paragraph 174 should noted, and this, 


followed Paragraph 176, illustrates the point above made. 


The writer thinks sees one danger the method proposed 
Mr. Meem. that, first partly filling the voids the surface 
the “No. 2’s” through the application the grit and then com- 
pletely filling the remaining voids the surface the application 
the finer sizes, the penetration the finer sizes into the voids the 
body the macadam will obstructed prevented. the 
writer’s experience that the best macadam will have maximum 
density, not only near its surface, but also well down into the 
macadam itself. 
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with the Dock Department the City New York, the writer carried 
series long-time tests Portland cements, covering period 
years. The cements used conformed all the requirements 
the Department standard specifications 1898, the principal clauses 
which were follows: 


“Slow-setting cement, gauged neat, must not set within hour 
after being mixed with water. 

“The neat cement, after days day air and water) must 
capable sustaining without rupture, tensile strain least 
300 per sq. in. 

“Mixed one part cement two parts sand, must, after days 
day air and water), capable sustaining without rupture, 
tensile strain least 125 lb. per sq. in. 

“The neat cement, when set, must show distortions cracks. 

“The time setting will determined wire in. diameter, 
loaded weigh The cement will considered set when 
this wire supported the without showing any indentation. 

“The tests for checking cracking and for color will made 
moulding thin plates glass, three cakes neat cement, 
in. diameter, and about in. thick the center, and with 
very thin edges. One these cakes, when set perfectly hard, 
will put water and examined from day see leaves 
the glass, becomes distorted, cracks show themselves the thin 
edges. Such distortions cracks indicate that the cement unfit 
for use that time. 

“The second these cakes will allowed set hard moist 
air, temperature about 200°, for about hours. will then 
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placed boiling water, and remain boiling water for period 
from hours, and, the end that time, the cake should 
still adhere the glass, and should show cracks nor distortions. 

“The remaining cake will kept air, and its color observed, 
which for good cement should uniform throughout, and for 
Portland cement, the color should bluish-gray. This cake 
should also adhere the glass and show cracks distortions. 

“The standard sand will clean, dry, crushed quartz, passing 
No. sieve and caught No. sieve. 

“Ordinary, fresh, clean water, having temperature between 
and 70° Fahr., will used for the water mixture and immersion 
samples.” 


Mixture: Cement 
Sand=0 


Average Brands 


Mixture: Cement=1 

Sand=2 
Average Brands 


Sand=3 
One Brand Tested 


AMERICAN CEMENTS 
TENSILE STRENGTH 
POUNDS SQUARE INCH 


Pounds per Square Inch 


All the tests were for tensile strength, and the results obtained 
have been plotted Figs. and 

The curves shown Fig. are the average strength curves 
several brands American Portland cement. The resulting curves 
are very irregular. The cement seems have acquired its maximum 
strength the end the second year and then gradually decreased 
strength until, after lapse years, the tensile strength less 
than was the end days. The tests the 
were only continued for period years. 
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The average results seven brands foreign cements are plotted mr. 
Fig. Eliminating the and 28-day tests, will seen that 
the neat cement reached its maximum strength the end years, 
after having passed through minimum the end years. The 
strength the cement the end the tenth year only lb. less 
than was the end the fifth year. The strength curve for 
mixture one part cement and two parts sand, the and 28-day 
tests are eliminated, shows maximum the end the first year, 
again minimum the end the fourth year, with continuation 
the increase strength through the fifth year, until the tenth 
year reached, when was only less than the end the 
first year. Unluckily, samples were made for breaking between 
the fifth and tenth year, idea can formed how the 
cement acted during that time. 


600 

| 

TENSILE STRENGTH POUNDS PER SQUARE INCH 


All the briquettes were moulded and broken Mr. Robert 
Sterritt, who has been charge the Department Testing Laboratory 
since its organization, thus errors due personal equation. 

hoped that Mr. Hiroi will continue his series very 
interesting tests, and will publish the results from time time, 
simultaneously describing the condition the structures which 
these cements were used. 


much interested this instructive paper. regretted, how- LeConte. 
ever, that the author does not state that all the briquettes were well 
protected against the hurtful effects severe frosts winter, though 
natural presume that they were. 
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The experiments sand briquettes are certainly very encouraging. 
The experiments neat cement briquettes sea-water, the con- 
trary, are very discouraging, from theoretical point view. 
view the fact that the great German cement expert, Dr. Michaelis, 
has clearly proved that the disintegration Portland cement sea- 
water due the chemical action such water the ordinary con- 
stituents the cement, natural suppose that some effect 
expected, the natural course events—it being purely 
question time any case. 

Taking the worst case reported: can safely assumed that 
the penetration chemical action into the neat cement briquette 
proportional the loss strength given time, then amounts 
approximately 0.32 in. years, and tensile strength 100 
then, years after, all, still have the same tensile strength, 
100 showing that chemical action had reached its extreme limit 
penetration, namely, 0.32 in. There certainly nothing very startling 
about. this result, and, moreover, the concrete all harbor works 
necessarily exposed marine growths all kinds, such barnacles, 
mussels, oysters, shell-fish, and all kinds sea-weeds and grasses, 
which soon form heavy coating over the entire water face all 
the concrete work, and practically cut off all free circulation sea- 
water. Hence the writer does not think that the interesting results 
reported furnish any information which calls for serious considera- 
tion; the contrary, the sand briquettes stand well under the 
14-year tests, much better, fact, than one would naturally expect. 
theoretically. 

The probabilities are that the penetration chemical action into 
the sand briquettes, which undoubtedly does exist, very small 
amount completely. obliterated the general slow growth 
strength. The falling off strength neat cement briquettes 
between the ages and years, when kept ordinary air, one 
the mysteries yet explained. seems the experience 
everywhere. naturally follows from the above that low-grade porous 
concrete may have its strength seriously the chemical 
action sea-water. 


struction seldom affords opportunity make long-time tests cement, 
consequently, such information, though valuable, particularly this 
age concrete and the growing use reinforced concrete, should 
secured tests made manufacturers, laboratories technical 
schools, municipal departments having the direction 
works. 

The construction the New Croton Dam afforded opportunity 
make long-time tests, and the writer, though not connected with 
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that work, had access the records, and believes them sufficient 

value and interest publish. 
These records afford opportunity compare Mr. Hiroi’s results 

respect conditions which obtain when the cement used salt 

water, but indicate the behavior the cement and mortar under 

normal conditions. One brand Portland and three brands natural 

Rosendale cement were used this work, during the progress 

which the methods manufacture changed from the dome kiln the 

rotary kiln. Practically all the testing was done one man, which 

fact eliminates any inconsistency due personal manipulation. The 

mortar briquettes were composed part cement parts standard 

sand, instead the 1:3 mixture now prescribed; the standard sand 

was crushed quartz, all which would pass No. and 


800 


Pounds per Square Inch. 


400 
DIAGR SHOWING! TENSILE STRENGTH VARIOUS 
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Table shows the results the tests, and will noted that 
they represent the average large number briquettes. The dia- 
gram, Fig. shows the results the tests graphically. These tests 
show some interesting features, the chief which that the natural 
cement mortars show gradual increase strength the end the 
period, and the Portland cement shows retrogression strength, after 
neat cement and after years 1:2 mortar. Another inter- 
esting feature that after years the natural 1:2 mortar exceeds the 
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TABLE PORTLAND AND NATURAL USED NEW CROTON 1894-1905. 


Month....... 


Months..... 


Months...... 


TENSILE STRENGTH, PER SQUARE INCH. 


Portland, 
Neat, No. 

610 217 
740 547 
985 601 
398 669 
018 664 

882 658 

825 667 

686 654 

508 650 

404 647 

867 646 

697 

197 674 

164 669 

651 
658 
624 
85 685 


Portland, 


No. 
Briquettes. 


No.1. 


Natural, 
Neat, No. 
n 
o 
ee 
461 108 
449 
1000 235 
815 
665 424 
628 450 
612 460 
570 471 
485 474 
827 
852 458 
277 4438 
459 
150 466 
22 482 
61 494 
516 
428 
500 


Natural, 


No, 
Briquettes 


1:2 Mortar, No.2. 


Rosendale, 


Neat, No. 
cs 
265 
294 118 
079 220 
565 874 
480 
895 402 
445 
420 881 
404 
880 899 
825 
290 
409 
220 423 
105 416 
414 


Rosendale, 
1:2 

eo 
994 
070 189 
580 270 
510 
890 842 
460 327 
400 
855 346 
380 351 
848 
275 
185 


Rosendale, 
Neat, No. 
® 
527 
551 142 
192 
392 
842 
301 
267 
800 
290 


Resendale, 


1:2 Mortar, No.4. 


No. 
Briquettes. 
Average 
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Riehle Bros. 000-lb. testing machine used. 


Cement made dome method 1908; afterward rotary kiln. 
the 10-year briquettes, 87% broken maker. 


Briquettes years broken maker. 
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strength the Portland This confirms the belief some the 
older engineers, that the lasting qualities natural cement are superior 
native Portlands. 

The retrogression strength shown these tests, although rep- 
resents only one brand Portland cement, makes one ask: this fall- 
ing off strength continuous, and when does cease? This 
especial importance when considered connection with reinforced 

The author’s experiments indicate that the brands cement used 
him continued gain strength after age years. may 
that these brands have the proper combination ingredients 
assure continual increase strength, least serious retrogres- 
sion. Unfortunately, impossible for the writer give the chemi- 
cal composition the Portland cement used the New Croton Dam 
for comparison with the brands used the author. 

seems desirable that, from data this kind now available 
become available, determination should made the chemical 
combination cement which would assure that the strength would not 
fall below fixed minimum after long period years. When the 
proper combination has been determined, should embodied all 
specifications for important masonry construction. 
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Discussion.* 


Haiwee tufa cement the lining about miles ditch Peterson. 
930 sec-ft. capacity, during the past years the Olancha Division 
the Los Angeles Aqueduct, has given the writer considerable first- 
hand experience with this product. This cement has been used, not 
only for lining the ditch, but building various structures, such 
arched flume crossings ft. span, ete. fact, tufa cement has 
been used exactly the same manner any other cement, except 
that account has been taken its slow setting. 

This open ditch section excavated with long-boom, power shovels 
neat line possible, but, necessarily, trimming the ditch 
true surface behind the shovels, back-filling generally required. 
such dry country this, which has annual rainfall only in., 
the use well-compacted back-fill was considered, and has proven 
sufficiently good construction. 

Against this trimmed earth section the 6-in. concrete lining 
placed, without the use forms. The finished ditch ft. wide 
the bottom, with 1-ft. invert, and the side slopes are The 
depth the ditch about ft. The concrete side lining placed 
alternate sections, ft. wide, only 6-in. board strips being 
used support the edges the first set alternate panels put in. 
Necessarily, the placing concrete such steep slope without 
forms, cannot, even with the best efforts, result the greatest com- 
pactness. Thus the tufa cement concrete subjected further test, 
but again experience has shown that the strength the slabs suf- 


Continued from February, 1913, Proceedings. 


Mr. 
Peterson. 


580 DISCUSSION TUFA CEMENT 


ficient carry the load even against support partly entirely 
back-fill. 

The usual mixes concrete have been and depending 
the aggregates used. Generally, extremely clean gravel, ranging 
from 75% stone the }-in. screen, has been easily obtained, 
but places has been necessary add crushed rock. 

The ditch plastered with extremely thin coat 
plaster, and for this purpose tufa cement seems especially 
adapted, due largely its fineness. 

The temperatures this locality range from 110° summer 
winter. cement must carefully protected 
either these extreme conditions. summer, fresh work 
sprinkled constantly for weeks and covered with boards canvas. 
winter, boilers are used furnish hot water for mixing purposes, 
thus turning out warm concrete. This precaution, together with 
covering 1-in. boards several layers canvas, sufficient protec- 
tion against frost. The plaster also mixed with hot water winter, 
but generally plastering done mid-winter. 

From this brief description operations, one can realize how dif- 
ficult the test which the concrete for this work subjected; and 
yet the practical completion this division and the actual test 
full ditch water for the greater part miles work for 
years’ time has proven that the canal water-tight. the side 
concrete really made separate 12-ft. slabs, slight joint lines 
show when the ditch empty, but the expansion the concrete due 
moisture closes these, well other cracks, the ditch filled. 
Horizontal cracks are very infrequent, and arise from numerous causes, 
chief which probably occasional carelessness 
proof the imperviousness the lining, the leakage the 
20-mile section referred been less than miner’s inch per mile. 
This new ditch has never had running muddy water it. 

The concrete has tendency swell under the influence 
moisture, except such extent all concrete expands passing 
from dry wet condition. This most desirable property for 
ditch lining, insures water-tightness. 

order determine the value cement rich tufa, carload 
75% tufa cement was obtained from Haiwee, and 300 ft. con- 
lining was put with the usual mix. The laboratory tests 
showed that this special tufa was very slow setting. Frequent com- 
parative tests for hardness were made the special 75% tufa concrete 
and the ordinary 50% tufa concrete, using pick for the purpose. 
first the special tufa was much the softer, but weeks went 
the two products approached the same degree hardness. the 
last visit, when the age both concretes was weeks, there was but 
little difference hardness. fact, two visiting engineers were 
unable detect any difference. This test seems proof the 
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value Haiwee tufa. There are perceptible cracks indications 
disintegration the 75% tufa cement concrete. will watched 
with great deal interest. 

the lining open canals, where proper care can taken the 
fresh concrete, slowness hardening inconvenience. saving 
from 60% the sufficient consideration warrant the 
extensive use tufa cement. doubt the use long-boom, power 
shovels excavate canals, and the lining the section with tufa 
cement concrete could have wide application the economical build- 
ing many large irrigation channels, resulting great saving 
water now lost seepage, and consequently large extension irri- 
gated areas. 

About twenty-five cars straight Monolith cement have been 
used times when the Haiwee mill could not supply the demand. 
Concrete made with this cement sets faster, but, far has been 
observed, shows advantage ultimate hardness and strength 
over that made with Haiwee tufa. 

comparative test was made with blocks tufa cement concrete 
the strongly alkaline waters Owens Lake and fresh water. 
removal, the concrete block which had been the lake water 
months was sound and apparently unaffected the alkalis. was 
not different appearance from the block which had been fresh 
water. However, this not considered conclusive, only from careful 
and extended tests can thoroughly reliable conclusion reached. 


rial, pozzolana, which variety tufa, has been used Italy for 
preparing mortar capable setting under water. 

The usual proportion one volume slaked lime and two volumes 
pozzolana, mixed very intimately. Generally, the mixing done 
hand, but, lately, has been done machinery, which grinds the 
pozzolana more finely and mixes more intimately with the lime. 
this latter case the mortar far superior, and sets more quickly, 
than when the mixing done hand. This because the machinery 
makes much more intimate mixture the ingredients, and the silica 
the pozzolana can act more directly and quickly the hydrated lime. 

All the harbor works the Romans, which have lasted until now, 
for instance, that Porto Trejano, Porto d’Anzio near Rome, 
and Porto Adriano near Bari, were built with mortar, either for 
masonry for concrete, made indicated; and even now all, 
nearly all, sea works Italy are made the same way, and always 
with excellent results. 

However, pozzolana has one drawback: sets very slowly, from 
days summer—when the heat accelerates the chemical reac- 
freezes Italian harbors, construction work carried throughout 
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the winter, but, during that season, the setting the mortar very 
slow. 

For accelerating this setting, Portland cement, the proportion 
100 200 kg. per cu. pozzolana concrete, often used. The 
setting then takes place hours, even less, and thus the con- 
crete stands better the washing waves, when laid under water 
used for bag-work. 

This concrete has always stood perfectly the chemical action 
salt water, the silica the pozzolana neutralizes all the free lime, 
which inevitable even the best Portland cement. There even 
excess silica, which makes the mortar rather acid—not basic— 
and thus the action the sulphate magnesia the sea-water 
better counteracted. 

The necessity having mortar greater resistance, and more 
rapid setting qualities, however, has induced Italian harbor engineers 
adopt Portland cement mortar and The writer was perhaps 
the first use 1882 some parts the Harbor Genoa. 
those days, Portland cement was rather novelty for Italian engi- 
neers, the mortar was made rather rich cement, least the pro- 
portion cement fairly graduated sand with from 35% 
voids, and often even These mortars, and the concretes made 
with them, have stood the action salt water very well. the other 
hand, with mortars made afterward, with smaller proportion 
cement, with sand rather fine, that is, with more than 35% voids, 
the results have been bad, and, some cases, disastrous. This the 
writer attributes the porosity the mortar, which, under the shock 
waves, the action tides, permits the salt water penetrate and 
percolate through the mortar and decompose it. the other hand, 
when the mortar rich cement, and impermeable possible 
make it, the action salt water nil, least much dimin- 
ished cause bad consequences. 

Therefore, the writer always recommends his engineers use 
least 10% more Portland cement than the quantity necessary fill all 
the voids the sand, and the extra expenditure for cement only 
very small fraction the cost the mortar the concrete, and 
absolutely negligible comparison with the damage that might result 
the decomposition the mortar. 

There always, however, the latent danger the free lime, un- 
avoidable Portland cement, being acted the sulphate mag- 
nesia, with the consequent decomposition the mortar. was for 
this reason that the writer, 1888, used, and has recommended ever 
since,* the addition some pozzolana Portland cement mortars and 
concretes, order neutralize this free lime. this took advan- 


Pozzolana Cemento Armato nelle Opere Giornale del Genio 
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tage experience the Roman sea-works. they lasted 
eighteen centuries, certainly the addition pozzolana Portland 
cement will correct the dangers the free lime. 

Experience Italy since 1888 has been uniformly good, and now 
pozzolana being used for improving the concrete for the construc- 
tion very large graving dock Venice, which will 850 ft. long, 
120 ft. wide the entrance, with ft. water the sill. 


The composition the concrete for this very important work 
shown Table 16. 


TABLE 16. 
Concrete Concrete for 
with sea-water for the inner mass the 
thickness about ft. graving dock. 
Portland cement, kilogrammes.... 400 250 
150 


This really gives little more than cu. concrete. 

The practice adding pozzolana, its equivalent trass, tufa, 
Portland cement for sea-works becoming rather common. 
followed Holland and Germany, and was adopted also the Jap- 
anese the construction the Nagasaki Dry Dock, and, thus far, the 
results have been uniformly good. 

Pozzolana, trass, tufa, are voleanic materials very little 
cost, the transportation being the only real drawback their more 
general use. 

Besides neutralizing the free lime Portland cement the large 
quantity silica these materials, they tend also con- 
crete less permeable, the colloidal action the alumina they contain. 

The usual proportion recommended the writter about 
pozzolana for volume cement, the higher proportion being for 
Roman pozzolana, containing from 53% silica, and for 
Naples pozzolana, which contains from 65% silica. 

This addition pozzolana, besides adding very little the cost 
Portland cement concrete, makes less permeable and eliminates the 
danger decomposition sea-water. The experience Roman works 
made with pozzolana concrete and exposed salt water for more than 
eighteen centuries guaranty the this practice. 

Thus the use tufa cement, Portland cement reground with 
tufa, practiced the Los Angeles Aqueduct, quite correct, both 
from the point view cost and durability the work. 

The mortar and the concrete will certainly less permeable than 
ordinary Portland cement had been used, and impermeability 
all-important condition all aqueducts, especially one such 
magnitude that Los Angeles. 
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Joun Grecory, Am. Soc. E.—The author has presented Mr. 

paper subject which especial interest engineers who are 
sewage disposal works. Leaky sewers are objectionable from many 
standpoints. not the intention the speaker mention all their 
objectionable features, but call attention one the most im- 
portant, that is, the consequent increased cost construction, mainte- 
nance, and operation. Due the infiltration ground-water, not only 
must the sewers larger than would otherwise required, but also 
the sewage disposal works, the sewage receives treatment before final 
disposal. 

The author has opened way which many data the quantity 
ground-water leakage into sewers can obtained each engineer 
having any data the subject will contribute the same the form 
brief discussion this paper. The author will then have material 
which can tabulated concise form his closing discussion, and 
should much service. The speaker believes that many engineers 
have some data this subject, but hardly enough justify them 
writing paper thereon, and, therefore, have not given the information 
the Engineering Profession. 

With reference the author’s headings under which such data 
should tabulated, the speaker has one two suggestions make. 

This discussion (of the paper John Brooks, Jun. Am. Soc. E., published 


December, 1912, Proceedings, and presented the meeting February 19th, 1913), 


rinted Proceedings order that the views expressed may brought before all members 
for further discussion. 
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would desirable include column for the date—the year alone 
sufficient. The engineer will then know how recent the informa- 
tion examining. There should also statement just how the 
sewer was constructed; sewer pipe, cement pipe, reinforced 
concrete pipe, the lengths the pipes, whether 24, 3-ft. sec- 
tions, ete. Similarly, with monolithic, other construction, data 
should given both horizontal and cross-joints. 

The speaker, however, especially interested the unit which 
the leakage reported. Perhaps the unit most commonly used 
gallons per hours per mile sewer. This very convenient, 
but does not quite far enough—it takes into account the length 
the sewer, but not the diameter. The author presents unit which 
has much commend it, namely, gallons per hours per square 
yard inside surface. The unit rational one, but, unfortunately, 
not very convenient one use. 

The speaker suggests: gallons per hours per inch diameter 
sewer per mile sewer. consideration this unit will show that 
takes into account not only length but diameter. has used 
record the leakage water pipes, which have been tested under his 
direction, and has found extremely convenient. also has the 
advantage that, designing system sewers, calculations ground- 
water leakage can made very rapidly. 

show the application this unit, Table presented. This 
has been computed from the author’s data Tables and 


TABLE 5.—INFILTRATION INTO SEWERS. 


Leakage, 
Leakage, 
Diam- gallons gallons per 
feet per mile per inch 


mile sewer. 


(2) (3) (4) (6) 
ft. 

ft. 


Item No. Table gives the result leakage test 
ft. 6-in. ft. 6-in. concrete sewer horse-shoe section, built under 
the speaker’s direction Columbus, Ohio, 1906. The construction 
the sewer was charge Mr. Kemmler, Resident Engineer, 
and the test was made under his immediate direction. This the 
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speaker’s humble contribution the data which would like 
tabulated the author’s closing discussion. 
will seen from Table that the infiltration into the sewers 
listed varies from 123 6830 gal: per inch diameter per mile 
sewer. 
illustrate the convenience the unit suggested herein, assume 
that 300 gal. per hours per inch diameter per mile sewer 
reasonable quantity (but the speaker does not care record 
stating that this not reasonable quantity). The leakage 
into sewer, say, in. diameter, would then 400 gal. per 
hours per mile sewer, figure very quickly and easily obtained. 


Epwarp Soc. E.—Ten years ago was Mr. 
Folwell, before the American Society Municipal Improvements.* 
that paper there was table giving all the data Mr. Folwell 
was able collect; included gaugings sixteen sewers. Mr. Brooks 
gives seventeen gaugings, which six appear Mr. Folwell’s paper, 
the net total being twenty-seven. 

Considering only pipe sewers—to which alone this discussion will 
refer—and omitting those which the leakage only expressed 
terms population percentage capacity, neither which units, 
pointed out the paper, has any direct bearing the question, 
there remain but nineteen, and even these are incomplete 
practically useless comparing the leakage the several sewers 
mentioned. 

The speaker unable agree with Mr. Brooks that the single unit 
gallons per 100 ft. joint would form accurate basis for com- 
parison. Although this includes the two factors length and diame- 
ter, omits the highly important factor head ground-water men- 
tioned the first page his paper. The speaker would suggest that 
the true unit comparison expressed the formula, 
which represents the number joints, the diameter the pipe, 
inches, and the head water above the invert. From the data 
available, would seem impossible this time determine with 
any degree accuracy the values and 

Mr. Brooks considers the leakage directly proportional the 
diameter. Alexander Potter, Assoc. Am. E., his report 
the Joint Outlet Sewer, states that, from his observation, the leak- 
age varies the square the diameter. The speaker the opinion 
that the true value less than unity, approximating the square 
root the diameter, and that the greater leakage the larger pipes 
system due these pipes being most cases laid lower level, 
and consequently being under greater head ground-water. 


Proceedings, Am. Soc. Mun. 1903. 
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unable support this opinion figures, but reasonable sup- 
pose that the leakage not uniform throughout the joint, but con- 
fined largely the weakest point, the few inches the extreme bottom, 
most difficult make, and impossible inspect. this 
theory correct, the approximate value the term, would become: 


regard the other factor, there abundant evidence show 
its importance. soil which all porous, every rain storm creates 
increases the head, and the most casual inspection the flow 
most sanitary sewers will reveal decided difference before and after 
heavy rain. 


400 


41.75 


1905 


Fie. 


March, when the ground was saturated with melting snow, showed 
leakage 38000 gal. per mile, while May only 13500 gal. were 
found. 

The diagram, Fig. shows the total annual rainfall, inches, and 
the estimated average daily leakage, gallons per mile, the Newark 
sections the Joint Outlet Sewer for the past eight years. Automatic 
records are kept the daily flow, and the leakage was obtained 
deducting from the total quantity equal 500 gal. for each house 
connection. This close the actual quantity, found the dryest 
section the sewer. 

will noted that the curves follow each other, showing clearly 
the close relationship between leakage and ground-water. the speak- 


| > Lig 
| 
— 
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er’s opinion, the co-efficient, would approximate unity, that the 
formula would become 

Although this formula believed theoretically correct, and 
useful comparing the leakage existing sewers, yet, for practical 


purposes designing new work, the more simple form, expressed 
gallons per mile per acre, preferred. 


sewers, often difficult for the engineer ascertain what allow- 
ance should made for ground-water. The speaker believes that 
high time that those who have the opportunity note the conditions 
affecting the flow due infiltration this for the benefit the 
Profession. 

Data the present have been expressed generally volumes 
per mile sewer, per capita daily, but such all-important- elements 
head subsoil water, perviousness the ground, and the size and 
character the sewer itself, are either ignored stated such 
general way little value. 

There are those who believe that sewers laid porous soil, above 
the level the ground-water, may expected lose appreciable 
proportion their contents leakage, that, instead making 
allowance for infiltration, one should more properly make deduc- 
tion the estimated flow due such leakage. The speaker believes 
such conditions exceptional, and that the ordinary pores left 
well-made joints will gradually clog up; thus far, however, there ap- 
pears consensus opinion the subject. 

desirable forecast sewage volumes closely possible, 
order avoid spending money unnecessarily sewers which will 
too large, the one hand, and from danger damage due backing 
sewage the sewers are too small, the other. any case, ex- 
cessive infiltration should prevented, not only increases the 
first cost the sewers, but, the sewage pumped treated, 
may increase the annual charges very large sum. 

Table the author attempts standardize the data relative 
infiltration. This move the right direction. The speaker would 
suggest, however, the addition column headed “Depth Invert 
below Ground-Water Level,” important matter that seems have 
been overlooked. The column, “Type Section,” should omitted, 
irrelevant. 

mention made one the most sources in- 
filtration, namely, the intersection the sewer barrel with junc- 
tions, slants, and bulkheads. Moreover, house connections, not 
laid with unusual care, are much more likely contain imperfect 
joints, and even fractures, than the sewer itself, and their frequency, 
therefore, important consideration estimating the quantity 
ground-water expected. 
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During storms and thaws appreciable quantity surface water 
may admitted through perforated manhole covers. the case 
the Joint Trunk Sewer Essex and Union Counties, New Jersey, 
this was estimated enter the rate about 1600 gal. per manhole 
daily.* 

With system well-constructed sewers, the initial infiltration 
likely decrease the pores and crevices the joints gradually be- 
come clogged silt deposits salts, introduced the ground- 
water itself contained the cement forming the joint. For exam- 
ple, pipe sewer recently laid Batavia, Y., with patent 
gasket composed cement and sand placed pockets muslin 
dipped glue, the infiltration first was about 1000000 gal. per day 
miles sewer, 32260 gal. per mile, with the ground-water 
standing from ft. above the pipe; but later, after connecting 
900 houses with the sewer, this rate fell about 580 gal. per 

The rates infiltration Table are abstracted from discus- 
sions the subject George Hammond, Am. Soc. 
and the and may added the list given the author 
Table 


TABLE 
INFILTRATION, GALLONS PER Day. 
Place. 
Per mile sewer. Per capita. 

ft. below ground-water 
Madison, Wis. Trunk sewer. Dry 
Metropolitan (Boston) System, before mak- 


Peoria, Ill. Vitrified pipe with brick sewers 


Westboro, Mass. 15-in. sewer wet ground.. 
Worcester, Mass. gal. per day per sq. ft. 


For Baltimore, Md., Stearns, Past-President, Am. Soc. E., 
recommended from 30000 80000 gal. per mile per day, but the 
actual design the system understood that per capita rate— 
usually gal. per day—was used. 

was the opinion the late Freeman Coffin, Am. Soe. E., 

Engineering Record, November 9th, 1912. 

Proceedings, Nat. Assoc. Cement Users, Vol. VII, pp. 690-707. 


T 
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that, with 6-in. pipe, and with careful work, the infiltration could 


kept down 4000 gal. per mile per day. 

the case large system sewerage, often more conveni- 
ent, for general purposes, assume the daily volume infiltration 
per square mile. the preliminary studies for the sewerage 
more, the speaker used, suggested the Consulting Engineers, 
Messrs. Rudolph Hering and Samuel Gray, Members, Am. Soc. 
E., the quantity, 100000 gal. per sq. mile, increased 
gal. the low areas bordering the water front. 

More recently, some studies for the Metropolitan Sewerage Com- 
mission New York, the capacity sewers has been estimated 
provide for 450000 gal. per sq. mile daily partly developed dis- 
tricts and 1000000 gal. per sq. mile completely built terri- 
tory. Assuming miles sewer per sq. mile the former case 
and the latter gives: for suburban areas, 30000 gal., and for 
urban areas 000 gal., per mile sewer. 

Assumptions results other cities are shown Table 


TABLE 


Infiltration, gallons per day 
per square mile. 


San Francisco, Cal. (pipe 800 
San Francisco, Cal. (brick 166 000 
Washington, (very wet 620 


The quantity infiltration, for laid brick sewers 
pervious, saturated soil, may very great. The speaker recalls one 
case where water spurted through the invert such sewer 
number places jets least the size pencil. the 
other hand, concrete sewers may made practically impervious the 
proper proportioning and placing the ingredients. 

Although such sewers will practically impervious under ordinary 
heads, has been thought safer, some cases, resort water- 
proofing. The first 3590 ft. the West Low-Level Interceptor 
Baltimore was constructed concrete with a-4-in. lining brick. 
Between the concrete and the brick lining was placed membrane water- 
proofing consisting two layers burlap saturated with 
asphalt. The sewer varied from in. diameter, was provided 
with numerous house connections aggregating ft. length and 
was bulkheaded with timber the upper end. was laid 
marginal street along the water front with the invert from ft. 
below tide, and included section 100 ft. passing just below the 
bed tidal stream. When completed, the infiltration amounted 
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about gal., 0.223 gal. per sq. ft. interior surface, per day, 
probably half which leaked around the bulkhead. 

With pipe sewers, the only trouble, except with fractures, lies 
the joint, and wet ground such joints should made with special 
care. yielding ground, there should special foundation, unless 
the joint made some substance, like bitumen, that will remain 
certain degree plastic. For this purpose, the speaker has used 
cement, kneaded with tar pitch, with success. About mile from 
20-in. pipe laid this way was tested filling with water and 
found practically impervious under head varying from ft. 

hard ground, mixture sulphur and sand, “leadite,” may 
preferred. 

Whatever material used should not subject deterioration 
under the conditions which placed. 

The entire subject one involving many factors, some them 
obscure, that probably nothing closer than fair approximation for 
considerable lengths sewer can ever hoped for; and, for short 
lengths, larger margin for error must allowed. With knowl- 
edge the local conditions, however, and more complete data regard- 


ing existing sewers, the engineer should able avoid any serious 
error design due this cause. 


water into sewer depends many variable conditions, none 
which exactly similar any two sewers, that would seem 
quite impossible establish standard construction from which 
determine definitely the degree impermeability any two sewers 
constructed exactly similar ground, the depth the ground-water 
being the same both cases. also makes great difference whether 
the sewer sanitary one, pure and simple, part combined 
system. the former, usually desirable reduce the infiltration 
minimum, the joints being generally tightly caulked with oakum, 
then filled with cement mortar, and wound with cheese-cloth hold 
the mortar position until well set; spurs with loose covers are 
the exception, rather than the rule. combined system, the ends 
sought are, measure, quite different, part its province being 
lower the ground-water level permanently; the joints pipe sewers 
are not caulked, being filled with mortar only. For many years was 
the custom the Borough The Bronx, New York City, put 
spur all sewers every ft., except block intersections. Some 
years ago this practice was changed, and the distance now ft. 
These spurs have loose vitrified covers, and are capable lowering the 
ground-water level permanently, regardless the impermeability 
the concrete brick, the joints pipe sewers. 

The design combined system sewers based, primarily, 
the intensity and duration the maximum rain storm, the 
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average series heavy storms, given locality, and evident, 
therefore, that the quantity ground-water infiltration such 
design small that becomes negligible. the skill doing 
the work, cementing the joints, mixing and placing the concrete, and 
the character the aggregate, etc., one depend the con- 
tractor’s opinion, will first-class every particular. the 
other hand,\if the decision left the engineers charge the 
work, there are apt many opinions there are engineers. The 
character the trench, whether wet dry, also relative 
term, and apt colored local conditions, that is, what would 
termed wet trench region where ground-water generally 
high, might mean something quite different recorded engineer 
doing work region where the ground-water seldom appears the 
trenches. 

little more than ten years ago, the Sewerage and Water Board 
New Orleans, La., made some careful observations, from which was 
found that the actual infiltration into the sewers practically checked 
previous assumptions—that the quantity ground-water pro- 
vided for would equal 0.003 cu. ft. per sec. per acre, which 
equal 1250000 gal. per sq. mile hours. might said, 
passing, that the ground-water level New Orleans very high, and 
all the sewers are below it. the foregoing basis, there would 
miles streets sq. mile, assuming laid out blocks 
400 ft. long and 200 ft. wide, with streets uniformly ft. wide. The 
infiltration, therefore, would average gal. per mile per hours. 
This figure also used the Borough Brooklyn, New York City; 
the Borough Queens, the assumption 75000 gal. per mile per 
day. Since these observations were made, New Orleans has built some 
hundreds miles pipe sewers, and all, substantially its 
sewage has pumped, possible measure quite accurately the 
quantity infiltration. was the speaker’s good fortune witness 
the laying some the pipe, and noted that the utmost care was 
taken make the work water-tight. was also noted that spurs were 
put each side, every ft., opposite vacant property, the covers 
being tightly cemented inside the bell. Notwithstanding the care used, 
there still infiltration, the actual quantity being shown 
the following extract: 


Ground-water per mile 


Year beginning. sewer, per day, gallons. 


*Twenty-fourth Semi-annual Report the Sewerage and Water Board New Orleans, 
La., 
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The author describes concrete sewer which the infiltration 
amounted 0.8 gal. per day per sq. yd. interior surface, which 
amounts gal. per mile per hours. From the speaker’s experi- 
ence with the construction concrete sewers, would regard this 
rather high, unless there was some leakage the joints, where 
each day’s work joins that previously laid; and suggests that 
careful inspection would find that true. 

conclusion, may said that the design system sani- 
tary sewers any town law unto itself; and, designing such 
system, wise consider that the ground-water may have 
taken care whether one wants not. Indeed, the early stages 
such system, with only few connections, and many the sewered 
streets sparsely populated, often desirable have many uncon- 
nected spurs through which water may enter, order assist 
flushing the sewer. the district built and the houses one 
one are connected with these spurs, the need for the ground-water will 
cease, the house sewage taking its place. Coincident with the building 
the district, might assumed that the paving streets and 
court yards taking place, which would probably mean correspond- 
ing lowering the ground-water and reduction infiltration into 
the sewer. 


regard the form which data pertaining infiltration should 
presented, have been made the preceding speakers, that little 
further remains said. The principal factors are the character 
the soil, the extent which saturated with ground-water, the 
elevation the surface this water above the top the sewer, and 
the manner which the sewer itself built. extensive stratum 
sandy gravelly soil often contains and yields large volume 
water, whereas little delivered from clayey deposits; and rocky 
strata seams are frequently encountered which deliver water very copi- 
ously. The quantity water the subsoil also varies with the daily 
and seasonal rainfall and the magnitude the absorptive territory 
exposed thereto. obvious that much more ground-water will 
found the sandy soil the bottom broad valley than 
similar soil narrow ridge. 

One the benefits usually claimed resulting from compre- 
hensive system sewers community the permanent lowering 
the existing ground-water table the level the sewers, thereby 
attaining dry cellars automatically and much less dampness the air 
dwellings. Observation has proved that this claim well founded, 
and that most cases shallow wells, premises adjacent streets 
provided with comparatively deep sewers, become permanently dry, even 
when the utmost care has been taken make the sewers water-tight. 
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Various reasons for this occurrence have been given the case 
sewers not equipped with under-drains. common explanation 
that the ground-water escapes flowing along the smooth exterior 
surface the main and lateral sewers and finally reaches the outfall; 
another one that much less given the construction the 
numerous small lateral sewers, whereby the ground-water enabled 
enter through many defective joints and thus find its way into the 
well-built main sewer; and third one that, the course year 
two, many small cracks will develop the entire sewer system, 
consequence settlements and unavoidable changes temperature, 
thereby affording the ground-water access the interior. Each 
these explanations satisfactory some measure, but more likely 
that all the causes mentioned combine accomplish the result. 

former years was frequent practice build sewers with open 
joints the bottom admit the ground-water. interesting meas- 
ure the quantity such infiltration into extensive sewer system 
built this manner given Ernest Adam, Engineer the Depart- 
ment Streets, Newark, J., the discussion paper the 
subject before the American Society Municipal Improvements, 
October 2ist, 1903. stated that many the old brick sewers 
Newark were made without mortar joints the bottom, the result 
being sewage flow 000 000 gal. per day though the water supply 
the city was only gal. per day. may remarked that 
1903 the population Newark was about 268500, and that 
December 31st, 1903, the total length all public and private sewers 
that city was 198.7 miles.* The total area Newark was then 
acres, which 679 acres was dry land surface, the remaining 
4297 acres being tidal meadows and From these figures, will 
found that the stated daily infiltration 000 000 gal. ground- 
water into the sewer system Newark corresponds average rates 
85.7 gal. per capita, gal. per mile sewer, and 2154 gal. 
per acre, 1378 401 gal. per sq. mile dry land surface, per day. 

reasonable consider that the soil under and adjacent 
inhabited buildings will eventually drained some manner, either 
directly special systems tiles, indirectly defective joints 
the lateral sewer pipes; and also fair assume that most cases 
the ground-water thus intercepted will discharged into the public 
sewers. The total area the sewered territory, therefore, becomes 
factor that must taken into account, together with the adjacent up- 
lands which may contribute the flow ground-water the populous 
districts. some cases much the flow from the uplands inter- 
cepted the highest line sewer, thereby greatly relieving the satura- 
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tion the lower ground; but most instances the sewers are built 
streets which cross the contours more less right angles, that 
ample space left between such streets for much the upland ground- 
water flow down the lower districts and seek entrance into the 
sewers there. 

Some notion the quantity flowing ground-water per unit 
tributary area may gained from measurements the yield nat- 
ural springs which have well-defined water-shed. Numerous observa- 
tions this kind central Switzerland have shown that the normal 
minimum yield such springs 154 gal. per acre tributary water- 
shed per day, when derived from the fine-grained sandstone called 
from four six times that quantity when derived from 
moraines; and from eight ten times that quantity when derived from 
the gravelly soils valleys. Similar observations Germany* indi- 
cate minimum yield ranging from 154 924 gal. per acre tribu- 
tary water-shed per day; average yield ranging from 462 1232 
gal.; and maximum yield ranging from 770 620 gal. and upward, 
depending the nature the subsoil and the distance traversed 
the percolating water. These yields from flowing springs may also 
compared with the observed dry-season flow rivers. the New 
England and Middle States, the least monthly flow streams having 
drainage area more than 100 sq. miles usually ranges from 0.10 
0.25 cu. ft. per sq. mile per sec., which equivalent yield 
from 101 253 gal. per acre per day. This quantity less than the 
aforesaid minimum yield springs, but must remembered that 
considerable portion large water-shed the soil generally 
unfavorable for absorption and percolation. 

better estimate the quantity ground-water that may reach 
system sewers afforded the results numerous land-drainage 
experiments England, France, Germany, and the United States. 
was found that the quantity rainfall which would absorbed 
the soil and percolate the under-drains varied greatly with the 
character the soil, the nature its surface with regard plant 
growth, the season the year, and the magnitude the rainfall 
during one more days. few references such data may 
interest. Bailey Denton, well-known English authority, 
that the maximum discharge measured him from the under-drains 
large tract free-soil land Hinxworth took place January, 
and was the average rate 0.16 cu. ft. per acre per min., which 
corresponds 1710 gal. per acre per day; and Charnock’s 
observations, the discharge field under-drains Holmfield dur- 
ing 1842-46, exhibit maximum rate 0.24 cu. ft. per acre per min., 


Grundwasser und Quellenkunde,” Berlin, 1912, 447. 
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2585 gal. per acre per day. French authorities, like Hervé-Mangon 
and Delacroix, state that the system under-drains should have 
remove depth least 0.24 in. water per day 
the entire area, which corresponds 6517 gal. per acre per day. 
Germany, the Silesian Agricultural Commission recommended that the 
under-drains should remove not less than 2845 gal. per acre per day 
from low-lying flat areas, and 390 gal. from higher flat areas. Other 
German authorities land drainage, like Vincent and advise 
the removal 6983 gal. per acre per day. 

the United States the subject land drainage recently 
been investigated the Department Agriculture, and the re- 
port such observations and Iowa, published 1908,* 
stated that the tile under-drains areas ranging from 400 
1040 acres black open loam with clay subsoil frequently- gave 
maximum discharge 0.16 in. depth hours, 4345 gal. 
per acre per day; also, that some cases the under-drains were en- 
gorged, and that would better remove depth 0.25 in. 
water hours, 6788 gal. per acre per day. may noted 
that the lines lateral drains were here from 100 250 ft. apart, 
and was recommended that heavier more clayey soils they 
should placed from ft. apart. 

The foregoing discharges from the under-drains agricultural land 
were all carefully measured, and can regarded good indication 
The figures range from 1700 7000 gal. per acre per day, 
from 1088 000 4480000 gal. per sq. mile per day, and relate 
surface strata ground from ft. thick. very probable 
that much larger quantities would found times strata ft. 
more thickness, corresponding sewered territory. Larger 
figures would also obtained using the results the numerous 
percolation experiments which have been made with lysimeters 
small area. The data submitted, however, suffice show that much 
water present the subsoil after period heavy rainfall, and 
that will enter the sewers under considerable head opportunity 
offered, the aforesaid case the Newark sewers. 

Two very instructive measurements the infiltration into system 
earthenware pipe sewers were made Stamford, Conn., number 
years ago. aggregate 13.38 miles such’ sewers, ranging from 
in. diameter, had been laid 1888 under the direction the 
late Col. George Waring, Jr., wet gravelly soil under area 
746 acres, 1.16 sq. miles, that city, and the infiltration was 
measured May, 1889, when only 215 house connections had been 
made. The quantity was found 885 gal. per acre per day, 
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566 400 gal. per sq. mile per day, 340 gal. per mile pipe per 
day, the average. September, 1892, when 530 house connections 
had been made, was measured again Col. Waring and John 
Bogart, Am. Soc. E., and was found have increased 689 
gal. per acre, 1080960 gal. per sq. mile, 94170 gal. per 
mile pipe per day.* The reason for this large increase doubt- 
less that numerous joints had become defective, the course 
three years, and thus facilitated the admission the ground-water. 

Numerous other data, not given Table will found two 
Soe. Mr. Folwell’s paper stated that many sewer 
systems the infiltration from 100% the volume house 
wastes; also that Boston, Mass., Howard Carson, Am. Soc. 
E., estimated, from extensive measurements the flow the main 
sewerage system 1889, that the infiltration was the rate gal. 
per head population per day, and Malden, Mass., and Providence, 
I., was, respectively, and gal. per head per day. also 
stated the same paper that, length about 4000 ft. brick 
sewer East Orange, J., the rate infiltration was 570000 gal. 
per mile per day, while miles 8-in. pipe sewer was only 
about 9000 gal. per mile per day; that Malden, Mass., was 
50000 gal. per mile per day the average for miles sewer, 
and that, only the length laid wet ground were taken into account, 
would 83000 gal. per mile per day; that Westboro, Mass., 
1899, the infiltration into 1950 ft. 15-in. vitrified pipe sewer was 
489 000 gal. per day, the rate 1320300 gal. per mile per day, 
and another section the same sewer, 060 ft. long, was the 
rate 610000 gal. per mile per day; that New York City the 
infiltration into system miles sewers, ranging from in. 
diameter, was found about 1300000 gal. per mile per day; 
and that, according report made 1900 Goodnough, 
Am. E., the State Board Health Massachusetts, 
about 137 miles sewers, ranging from in. diameter, had 
recently been constructed and near Boston, which the infiltra- 
tion was the average rate 40000 gal. per mile per day before 
any buildings had been connected thereto. 

Professor Rich’s paper stated that 20-in. pipe sewer 
Canton, Ohio, the infiltration was the rate 70000 gal. per mile 
per day; and that 12-in. pipe sewer New Bedford, Mass., was 
17000 gal. per mile per day. These two papers also refer some 
the other data given Table describing the sewage works 
Fond Lac, George Pierson, Am. Soc. E., stated 
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that the soil which the sewers were laid was very retentive red 
clay, and that the infiltration into the new 24-in. vitrified-pipe outlet 
sewer was carefully measured before the old sewers were connected 
thereto. This new sewer had been laid below the level low water 
the river, and was little more than 7000 ft. long. The infiltration 
was found less than 3.0 cu. ft. per min., and was regarded 
very slight. From these figures obtain said 24-in. pipe rate 
370 gal. per mile per day. 

Table Item No. 16, the author gives the average rate infiltra- 
tion into reinforced concrete trunk sewer, 744 ft. long and ranging 
from 3.67 6.00 ft. diameter, being 0.8 gal. per day per sq. yd. 
inside surface. This information interesting, but should 
supplemented naming the locality and describing the nature the 
subsoil along the route. would also have been useful the author 
had stated explicitly that the aggregate interior surface that sewer 
was sq. yd., and that the measured infiltration was about 700 
gal. per day, average rate 266 gal. per mile per day, which 
leaves his readers ascertain. comparison with the other obser- 
vations cited herein, this rate infiltration extremely low, and indi- 
cates either great water-tightness the concrete, unusually dry 
subsoil the time measurement. 

Reference was made the foregoing the probable increase 
the quantity infiltration the course time. This ex- 
pected, small settlements sewer usually occur soft ground, 
whereby cracks are produced. the case large pipes, such 
are often due the rapid settlement the back-fill after thorough 
saturation with water. The speaker has seen many miles pipe sewer 
laid truly line and grade originally, and has found them after ten 
more years showing numerous irregularities both line and grade, 
well many fractures. The same also true large brick and con- 
crete sewers. structures this kind wet ground, few have ever 
been built that did not exhibit considerable infiltration the outset, 
and not likely that they became tighter subsequently the external 
head water remained unchanged. Cracks are likewise formed the 
unavoidable contraction the material when the temperature low- 
ered for long period. must presumed, therefore, that the infiltra- 
tion into old sewers will greater than into new ones, other external 
conditions remaining the same. 

The subject important, notwithstanding that has been treated 
very briefly most textbooks sewerage. becomes specially 
prominent separate system when the sewage has pumped 
treated disposal works, and much the initial capacity the 
pipes taken infiltering ground-water. hoped, therefore, 
that the author will succeed eliciting and arranging convenient 
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Mr. form many additional trustworthy data. The proposition estimate 
infiltration the square yard interior surface good, but 
will probably more convenient express terms per foot 

diameter and length 100 ft., even 1000 ft. any event, 

the nature the subsoil and the height the ground-water surface 

above the top the sewer should given, together with the date 

the observation, and brief description the construction, and its age. 
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HYDROLOGY THE PANAMA CANAL. 
Discussion.* 


Henry (by Saville has made Gen 


interesting and valuable contribution the technical literature the 


Panama Canal. has had prominent part directing the meteoro- 
logical and hydraulic investigations, and the results set forth detail 
this paper will command general attention. Such records, covering 
one more the greatest known floods the Chagres, would have 
been great service the studies which determined the character 
construction adopted—whether with lake and locks, sea 
level. The contours the bed the lake and the area the water- 
shed were then known only approximately, and the statistics 
rainfall and evaporation were much less complete than present. 
pleasing note that the new data confirm the conclusions and plan 
finally adopted, and set rest any doubts the sufficiency the 
water supply for all the operating needs the Canal; and this 
without resort the expedient reservoir above Alhajuela, 
conserve the excess flow the rainy season which otherwise might 
part waste over the spillway. 

may interesting note that such reservoir formed 
essential element the plan adopted the New French Company, 
order augment the water supply afforded the lake formed 
the proposed dam Bohio, lake storing much smaller volume 
than Lake Gatun, but which financial reasons compelled the Company 
adopt, the Old French Company had already excavated sea-level 
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canal the vicinity Bohio. There favorable site for masonry 
dam short distance above Alhajuela, which the cost was esti- 
mated about and Mr. Saville’s surveys and observations 
the Upper Chagres Basin have confirmed the opinion that large 
volume water may stored there, ever found desirable. 
There are two reasons why such addition the present plan 
may advisable ultimately. The sudden and violent 
freshets which characterize the regimen the Chagres will attain the 
canal route near Gamboa, where the narrow arm Lake Gatun turns 
nearly right angles the direction followed shipping. The 
here, for about four miles, only 500 ft. wide, and not 
impossible that these sudden but brief rushes water may prove 
more less annoying. The largest freshets record Gamboa 
have carried maximum volumes ranging from about 65000 
cu. ft. per sec., with average flow during hours falling but little 
below 60000 cu. ft. per sec. Their annual frequency, well the 
amount rainfall the Isthmus, seems subject progressive 
variation, ranging Gamboa during the last years from about 
about annually, with corresponding duration, including large 
and small freshets, ranging from about about 650 hours. dam 
above Alhajuela would regulate this variable flow perfectly and elimi- 
nate all objectionable currents from the route for shipping. The second 
reason why Alhajuela dam may become desirable that, these 
days water-power development through the agency electricity, 
may found convenient augment the quantity water available 
the Isthmus conserving the flow which otherwise, such times, 
might run waste over the spillway. Whether there will such 
demand can best decided when the Canal opened traffic. 
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THE THEOREM THREE MOMENTS. 
Discussion. 


wishes call attention the “method area moments” for the solu- 
tion statically indeterminate structures. This method, due Mohr, 
much easier derive and shorter apply the calculation con- 
strained beams than either the “theorem three moments” the 
“method least work.” The author error referring the 
method three moments being exact one. subject 
the same limitations the methods least work and area moments, 
and all methods, correctly applied, will give identical results. 

Before applying the method area moments the problem the 
plate-girder draw span with variable moment inertia, will 


necessary discuss briefly the method. The statement the method 
area moments is: 


“Tf and are two points beam, the deflection with 
respect tangent equal the moment about the area 
the portion the equilibrium polygon between and multiplied 


moment inertia the section the beam, and the pole dis- 
the force polygon that was used drawing the equilibrium 
polygon.” 

The proof this statement, together with applications, has been 
given the the equilibrium polygon drawn with force 
polygon having unit pole, the equilibrium polygon becomes the true 


bending moment polygon, and the statement the principle simpli- 
fied accordingly. 
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The application the method area moments simple beam 
with constant moment inertia, loaded with concentrated load 
and with uniform load, respectively, shown the following 
problems 

Simple Beam.—Concentrated Load Center Beam.—The simple 
beam (a), Fig. loaded with load, the center. The 
bending moment diagram shown (b), and the beam loaded 
with the bending moment diagram (c), Fig. 

find the equation the elastic curve, take moments the 
forces the left point distance, from the left support, 
and the deflection the beam any point the beam, (a), Fig. 
will equal the bending moment the corresponding point 
the beam, Fig. divided FI, and 


and 
Unit (a) 
The maximum deflection will occur when Equation 


(2), may found taking moments forces the left 


Beam Uniformly Loaded—The simple beam (a), Fig. 
loaded with uniform load per linear foot. The bending moment 
parabola shown (b), and the beam loaded with the bending 
moment parabola in.(c), Fig. find the equation the elastic 
curve, take moments forces the left point distance, 
from the left support. 


Taken from Steel Mill 


Mr. 


Papers.] THE THEOREM THREE MOMENTS 605 


The equation the bending moment parabola with the origin 


and the center gravity measured back from 


Taking moments forces the left point, and reducing, 
have 


The deflection maximum when and may found 


directly taking moments, may found from Equation (6), 
and 


For beam with variable moment inertia, the transformed 
beams, (b), Fig. should loaded with the bending moment 
divided the moment inertia, each point, with the bending 
moment divided each point, both the modulus elasticity 
and the moment are variable. 

The reaction the center pier draw span two equal spans 
with constant moment inertia and modulus elasticity, may 
caleulated follows: 

Draw Span with the total span 
Fig. the deflection the beam with span, loaded with uni- 
form load, pounds per linear foot, 


Now, the center reaction, considered load acting up- 
ward, will equal load, acting the center the span, 
which produces deflection equal the deflection the simple beam, 


Fig. loaded with load, The the beam loaded 


Equating the values Equations (7) and (8) gives the middle 
reaction 
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With the foregoing preliminary statement, may now take the 
solution the problem the plate-girder draw span with variable 
moment inertia, which was solved the author Section 11. 
Plate-Girder Draw Span.—The span ft.; the total 

length 120 ft. The girder symmetrical about its center line. 
The relative values the moments inertia, the following 
distances from the outside ends are: 


| 


! ! 
| 


simple keam with span 120 ft., having 
the same cross-section the draw span, and loaded with uniform 


load pounds per linear foot, (a), Fig. The bending moment 


diagram will parabola with maximum ordinate the center, 


the load, load the transformed beam (b), Fig. with 


The areas the segments the parabola (b), Fig. were cal- 


culated Equation (1), and are follows: 


lat 
ie" ld | | 
(b) 


— 
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The centers gravity the segments the parabola were 
lated Equation (4) follows: 


4.07 


and the distance the center gravity from the center the 
beam, ft. 4.07 ft. 52.07 ft. 
The center gravity the part the dotted parabola about the 
point, 
The center gravity the dotted A’, about will 
Area A’, 
072 


ft. 


10.47 ft. 
and the distance the center gravity from the center the 
beam, ft. 4.07 ft. 52.07 ft. 
The centers gravity and are calculated the same 
manner. 


The bending moment the center the beam, (b), Fig. will 
times the deflection the center the beam, (a), Fig. 


Now load the same beam with load (a), Fig. 


The bending moment diagram triangle with center height 


ft-lb. The beam loaded with the bending moment 


divided the moment inertia each point. 
The areas the different sections the moment diagram are: 


The centers gravity are shown (b), Fig. Then the bending 
moment the center the beam (b), Fig. will times the 
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17.71 ft. 5.78 ft. 
17.71 ft. 168.7 5.78 ft. 


Now the center reaction the draw span will equal Equa- 
tion (10) divided Equation (11), and 
76.67 
The left reaction 
21.665 
The bending moment the center support the draw span 


500.1 (foot-pounds). 
This value checks the value calculated the theorem three 
moments. 
The “method least work” should give the same result the 
“method three moments” and the method “area moments.” 


cussion contributed Mr. Ketchum, explaining and applying the 
method “area moments,” raises two questions considerable im- 
portance. The first and most important the question the relative 
merits and ease practical application the three different methods 
which have been used solving this particular problem continu- 
ous beam with variable moments inertia. The second the more gen- 
eral question actual differences and relative exactness these meth- 
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ods, and also the broad question methods solution 
indeterminate structures any kind. The writer also intends show 
the direct relation between the deflection formulas used analytically 
the paper and the “area moment” method applied Mr. Ketchum, 
and check some the particular equations the latter method. 

order determine the relative amount labor required solve 
this problem, the writer has counted the number “operations” re- 
quired make the solution for the center bending moment, 
each the three methods. “operation” meant, either setting 
and reading the slide-rule, or.an addition subtraction, also mak- 
ing allowance for cases relatively easy additions multiplications. 
The “area moment” method applied Mr. Ketchum required 105 such 
operations, the tabular computation made Mr. Turneaure, using 
formula terms bending moments, required operations, and 
the three moment method, using the writer’s Equation (43) and 
Table required only operations. the labor required draw 
the diagrams for the “area moment” method certainly great 
that making the tables the other methods, quite evident that, 


for this particular problem, the three moment method far 


does not necessarily follow that, for other cases different loading, 
beams more than three supports, the same method would still 
best, but probable that would, provided the mathematical 
integrations were handled rapidly. 

The second question concerning the exactness these three meth- 
ods requires clearer understanding their essential differences. 
careful reading the first paragraph and the last three paragraphs 
the paper will indicate that the term “exact method” used the writer 
had reference only the three moment method which included the 
effects variable moments inertia, settlement supports, and slope 
neutral curve. The principal object view Section the 
paper was the determination the value the error introduced 
particular case plate-girder draw span when the usual three 
moment formulas, neglecting effect variable moments inertia, 
were used; but, Mr. Ketchum has raised the question the relative 
exactness the different methods, and has checked the writer’s 
result closely using the “area moment” method, therefore indi- 
cating that the discrepancy Mr. Turneaure’s result probably 
inherent that method, well consider the different methods 
more fully. 

Both Mr. Ketchum and Mr. Turneaure find the value the center 
reaction dividing the deflection the girder assumed simply sup- 
ported the ends (that is, with center reaction removed), and carrying 
the given load, the deflection the center caused the unit load 
that point. They differ only the manner computing these deflec- 
tions, Mr. Ketchum using the “area moment” method and equations for 
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area and positions centroids, and Mr. Turneaure using tabular 
summation method, assuming the differential length, the equa- 
tions have finite value ft. The formulas are essentially identi- 
eal, but the exactness the latter method depends directly the 
length assumed for dz, which, theoretically, should very small. The 
discrepancy between the result this method and the results 
the other two probably due this fact. The three moment method 
which the writer used also essentially deflection method, was 
based the General Equation (41) derived Equation (8) for 
vertical relative deflections the ends with respect tangent 
the neutral curve the center. Mathematically, therefore, all three 
methods are based the same theory deflection due bending, and, 
except for the practical inaccuracies application, should give the 
same results. The vital differences the working equations used are 
only differences details application. 

should emphasized, further, that all these methods give re- 
sults which are inexact because the neglect shear deflection and 
shear distortion the assumed plane normal sections the beam. 
Short, heavily-loaded girders with large concentrated loads are affected 
very materially shear distortion, has been the writer’s 
“Faults the Common Theory and the 
common assumption bending deflection only may largely error 
the side danger. 

indeterminate problems any character can 
solved either three general methods: (1) Method Deflections 
Deformations, (2) Method Equal Work, and (3) Method Least 
Work. All three methods give identical results when restricted the 
same kinds stress, but the first uses expressions for deflections 
strains, the second equates internal work external work, and the 
third applies the principle minimum internal work. 

For example, consider the very simple case two elastic supports, 
and subject only the uniformly distributed direct stress caused 
load, carried such way that the total elastic strain 
each support the same. 

E,A, 
stiffness support, total force required 


a 
produce total strain unity 
E,A 
b 


stress 
Then, the total deflection strain 
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WW, 


Method Least Work.—Write the expression for internal work 
and place the first derivative with respect equal 
zero, get condition for minimum. 


a 

All three methods thus reduce identical expressions, and 
possible reduce even more complex problems, solved the different 
methods, the same working form. Usually, the method deflection 
the most direct and easiest application. The vertical deflection 
beams can obtained various ways: the double integration 


ad? 


semi-graphical method area moments applied Mr. Ketchum. They, 
also, are identicalin result, properly applied, and differ only manner 
procedure. 
order show the relation between the last two methods, and 
also explain directly the “area moment” method connection with that 


nates, and the lengths, laid off the axis, then will 


elementary area, and will the moment that area about the 


4 
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the deflecting point. Then deflection with respect 


area diagram between limits and about the change, 
the angle between the tangents the neutral curve and 
will the area the same diagram between limits and because, 


tween limits and When constant, and continuous func- 


diagram plotted with ordinates and the distance its centroid 


from the deflecting point origin, then, for any given limits 


The last equation the basis the area moment method applied 
Mr. Ketchum. When both and are constant, the ordinary bend- 
ing moment diagram area can used, because the ordinate and 
elementary area. 


which A,, area bending moment diagram between limits and 


can more easily made this method area moments than the 
analytic integration given. Using areas the bending moment 
diagram for Fig. noting its component parts and that the origin 


For triangle due M,, 


For triangle due 


For triangle (not shown) due bending moment caused concen- 
trated load, W,, simple beam, the area, would be: 


a 
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Equation (31). 
For the parabolic bending moment diagram (not shown) due 


uniform load, simple beam, the maximum center ordinate being 


the area A. = 3 8 12 and Lm = 


Equation (31). 
The “equivalent beam” loaded with the bending moment diagram 
convenient method for finding, not only the deflection, but the 


note how this method developed from the general equations 
already applied, consider the case simple beam, with constant 
and and loaded uniformly with pounds per foot, Fig. 
The end reaction the “equivalent beam” loaded with the parabolic 
bending moment diagram, Fig. (c), is, 
This area between end and center, however, when divided EI, 
the angle between the tangent the end and the tangent the center, 
when and are constant. the tangent the center horizontal, 
the slope the end tangent with the horizontal, therefore, 
tangent equals reaction “equivalent beam” divided 
From Fig. the slope any point, is: 


already obtained analytically Equation (16). Thus slope 


reaction equivalent beam area between and 
shear equivalent beam 


Hence the slope, any point, equal the shear that 


point the “equivalent beam” divided Using Equation (4) 
Mr. Ketchum’s discussion for the area the segment the para- 
bola Fig. (c): 
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42) 


24 EI [6 ly? —4 
which checks Equation (17), previously found integration methods. 
The deflection, any point, Fig. seen have the value: 
tangent 


Using distance from centroid area, from the point 


from Equation (5), given Mr. Ketchum, there results 


which checks the writer’s Equation (18), Equation (6), with op- 
posite sign, obtained Mr. Ketchum. 

This “equivalent beam” method finding slope and deflection 
perfectly general, and can applied beams with variable moments 
inertia simple modification the bending moment diagram, 
already explained. The application made Mr. Ketchum the 
plate-girder draw span with variable moments inertia, considered 
the paper Section 11, good illustration this method 
using “equivalent beam,” but, already stated, much more 
laborious for this particular case than the three moment method giving 
identical results. Mr. Ketchum could have decreased twelve the 
number operations required for his solution having used, instead 
bending moment “equivalent beam,” simply the sum the area 
moments about the end, such sum gives the deflection the end 
above the horizontal tangent the center, which equal the center 
deflection desired for this particular symmetrical case. 


Memoirs. MEMOIR DANIEL SEYMOUR BRINSMADE 615 


MEMOIRS DECEASED MEMBERS. 


which will amplify the records here printed, correct any errors, should forwarded 
the Secretary prior the final publication. 


DANIEL SEYMOUR Am. E.* 


1912. 


Daniel Seymour Brinsmade was born Trumbull, Conn., Febru- 
ary 17th, 1845. was the youngest son Daniel Stiles Brinsmade 
and Catherine Mallette Brinsmade, his family having resided continu- 
ally for more than 250 years within the limits the original town 
Stratford, Conn. 

Mr. Brinsmade received his early education the public 
Trumbull and the Gunnery Washington, Conn. then en- 
tered the Sheffield Scientific School Yale University, from which 
was graduated 1870. 

Immediately after his graduation, Mr. Brinsmade was appointed 
Assistant Engineer the construction the dam across the Housa- 
tonic River Huntington, Conn., for the Ousatonic Water Com- 
pany. 1871, was made Chief Engineer the project, and after- 
ward served successively Secretary and Treasurer. 1900, was 
made President the Company, which position held until his death, 
Shelton, Conn., after illness nearly two years. 1891, the 
old dam was destroyed, and Mr. Brinsmade had rebuild the struc- 
tures and add many new features order meet the conditions which 
obtained that time. 

made hydraulic engineering his life study, and, being 
authority the subject, was continually engaged the con- 
struction water supply and water power projects. was widely 
known Consuiting Engineer throughout New England and New 
York State, and served member commission appointed the 
State Maine consider the question water-power development 
that State. 

Mr. Brinsmade was gentleman, whose advice was 
eagerly sought business well private life, and whose salient 
characteristics were honesty and truth. took great pride the 
betterment his home town, Shelton, Conn., and was closely con- 
nected with all phases activity within the community. served 
the Borough nearly every elective position its gift. was also 
elected the General Assembly Representative and State Senator, 
and, although staunch Republican, did his duty these positions 
regardless party. 
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Mr. Brinsmade was Director the Shelton Water Company, 
Trustee the Griffen Hospital, President the Shelton School Board 
for nearly twenty-eight years, President the Plumb Memorial Library 
Directorate, and Trustee the Riverside Cemetery Association, all 
which institutions was largely interested establishing and 
maintaining. was also Vice-President the Home Trust Com- 
pany, Derby, Conn., and Director the Birmingham National 
Bank. was Member the Congregational Church, Shelton, 
and also prominent Mason and Odd Fellow. 

Mr. Brinsmade was elected Member the American Society 
Civil Engineers February 1st, 1888. was also Charter Member 
the Connecticut Society Civil Engineers and served its Presi- 
dent 1907. 


HENRY FISHER WHITE, Am. E.* 


1912. 


Henry Fisher White, son Avery and Jane Elizabeth (Fisher) 
White, was born Boston, Mass., October 14th, 1851. 

the completion his education, Mr. White, 1870, entered the 
Messrs. Buttrick and Wheeler, Worcester, Mass., which firm 
was engaged general city and county practice. also began his 
career railroad engineer about this time Transitman the 
Fitchburg Railroad. 

1872, Mr. White was appointed Assistant the Division Engineer 
the Cairo and Vincennes Railroad the construction tunnels and 
heavy trestles that road. remained this position until March, 
1873, when was employed Transitman preliminary survey 
for local company between Brookfield and Kansas City, Mo. 

June, 1873, Mr. White accepted the position Division Engineer 
the Ware Branch the Boston and Albany Railroad, charge 
track-laying ‘and ballasting old grades. 1874 and 1875, was 
again engaged general engineering work for Messrs. Buttrick and 
Wheeler, and surveys for, and the construction of, minor 
roads. September, 1875, was employed Transitman loca- 
tion, and, February, 1876, Resident Engineer charge con- 
struction, the Dayton and Southeastern Railway Ohio. 

June, 1876, Mr. White was appointed Assistant the Chief 
Engineer the Burlington, Cedar Rapids and Northern Railway, with 
headquarters Cedar Rapids, Iowa. November, 1881, was made 
Chief Engineer, which position held until the road was made part 
the Rock Island System. During his incumbency Chief Engi- 
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neer, the Burlington, Cedar Rapids and Northern Railway grew from 
700 1300 miles splendidly built and equipped road. 

When, 1902, this road was absorbed and became part the 
Rock Island System, Mr. White was appointed Engineer Mainte- 
nance Way the latter company, with headquarters Chicago, 
remained this position until February, 1908, when retired 
from active work. later years were spent between his home 
Chicago and his ranch near Montrose, Colo., where died from 
attack heart failure. 

April 14th, 1880, Mr. White was married Miss Anna 
nell, Cedar Rapids, Iowa, who, with two daughters, survives him. 

Mr. White was elected the American Society Civil 
Engineers January 2d, 1890. was also Member the Western 
Society Engineers and the American Railway Engineering 
Association. 
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STATICAL LIMITATIONS UPON 
THE STEEL REQUIREMENT 
REINFORCED CONCRETE FLAT SLAB FLOORS. 


Although statics will not suffice determine the stresses flat 
slab floor reinforced concrete, does impose certain lower 
limits these stresses. the purpose this paper inquire 
these limiting stresses and establish their values for comparison 
with those obtained current methods designing floors. 

The nature the limitations imposed statics best shown 
illustration. are told that three stones weigh lb., this does 
not establish the weight any one stone, but does ensure that the 
heaviest stone weighs least lb. Therefore, although cannot 
determine the value the stress given section flat slab 
statics, can establish stress intensity for the steel which will 
certainly attained and possibly greatly exceeded. Such quantity 
would point out the existing danger overstressing the steel, even 
though could not assure safety. 

Consider the case intermediate panel floor the ordinary 
flat slab type, supported flare-topped columns, extending indefinitely 
all sides, the whole floor subject full uniform live and dead 
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load. This the case ordinarily presupposed the design floor 
this type. For simplicity will consider all the panels square, 
and will the equilibrium that portion the panel which 
heavily Fig. omitting the area over 
the column 

The forces acting this portion the slab are its own weight 
and the live load, both uniformly distributed over its surface; the 
vertical shear the curved section, and the couples (in vertical 


The assumption that there shear the sections, 
and not made arbitrarily, however reasonable may be. Not 
only reasonable assumption, but the most favorable 
that can made with reference low stresses. For, any shear 
existed one these sections, such way lessen the other 
stresses, this same shear acting reverse direction the adjacent 
quarter-panel would increase correspondingly the stresses there, and 
would have give our attention that quarter-panel which in- 
volves the greatest stresses. Obviously, the most favorable supposi- 
tion that all quarter-panels are equally effective load carriers, and this 
means, just stated, absence shear from the four straight sides. 


| \ D | \ 
| | 
j 
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The only outright assumption basis for the inquiry 
that the shear the section, uniformly distributed. 
The reasonableness this assumption obvious, and besides, con- 
siderable variation the shear involves only slight error the 
results shall obtain, for the only use made this assumption 
locating the resultant the vertical shearing forces. 


the unit live and dead load pounds per square foot, the 
total load the quarter-panel 


2 2 


The vertical shear same value, and these two vertical 
together form the bending couple acting the quarter-panel, 
which balanced the resisting couples the five sides. The 
resultant, (Fig. 2), the shearing forces the center 
gravity the 90° are which the diagonal line from the 
column the opposite corrfer the quarter-panel, and distant 
from the center the column 


* 


See any Engineers’ Handbook. 
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The resultant the loads passes through this same diagonal line. 
Its distance, from the center the column obtained follows, 
taking moments about the column center: 


Area. Distance. Moment. 
L? L 
The distance, between and R,, 
may now write 


or, putting the values and just found, 


L? Ye ) 


Let To oo k L 
where the couple made the load and the supporting shear 
the vertical diagonal plane through and 


M = 


The component this couple about horizontal axis parallel 
the side, 


See any Engineers’ Handbook. 
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M,, the component about horizontal axis parallel 
evidently has the same value 


Values for ordinary values are given the diagram, 
Fig. 

Having found the attacking couple, (or its two components 
and M,), there remains but point out that the resisting moments 


0.08 0.09 0.10 0.11 0.12 0.18 0.14 0.15 0.16 0.17 0.18 


the five sides the quarter-panel, taken together, must suf- 
ficient balance and hold this portion the slab equilibrium. 
these resisting moments expressed terms the stress the 
steel, easy determine whether any given design satisfies this 
purely statical requirement. will worth while carry the in- 
quiry little farther and apply the results already obtained 
few simple types reinforcement. 


0.049 
0.035 
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the simplest type consists rods parallel the sides 
the square panels, the top the slab where they cross 
and (Fig. 4), and the bottom where they cross and Let 
the total area all the rods both directions in_a panel, 
the vertical distance from the center the steel the center com- 
pression the concrete, and the unit stress the steel. The area 


cross-section the steel Section the total tension 


and the resisting moment 


Rods bottom 


Rods bottom 


Similarly, the resisting moment including the component 


Mou = ad Js: 


have, from the condition equilibrium that the sum 
the moments about any axis zero. Applying this prin- 
ciple the present case, and taking horizontal axis parallel 


A, , 
or, 


US: 
Rods top 
! 
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should borne mind that this the lowest limit the 
value for given maximum consistent with the fundamental 
principles statics; and the maximum stress the steel for given 
will not low except under the conditions already as- 
sumed (and they are the most favorable possible), and under the 
further assumption that all the steel all the five sections, which 
constitute the periphery the quarter-panel, uniformly stressed. 
the stress intensity less than any point, must necessarily 
greater than some other point. The stated value 
certainly reached and may greatly exceeded. 

the the steel doubled the sections subject 
negative bending, lapping the rods sufficient distance the top 
the slab where they cross the sides the whole panel, may write 


type common use consists equal 
belts rods four directions, all passing over near the tops 
the columns (Fig. 5). All the rods are the bottom the slab mid- 
way between the columns and the top over the columns. The pull 
the the side, the quarter-panel, amounts 


from the half the Belt (1) and from the halves the 


Belts (2) and (3), where the area cross-section one belt. 
Both these are normal the side, The resisting moment 


then 


Similarly, for the steel over the column 
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The total cross-sectional area the four belts 

1.66 


The value for this type appears less than that for 
Type other things being equal, but half the rods here are 1.41 
times long, neither type shows economy over the other weight 
steel. 

IV.—A fourth type like Type III except that the diagonal rods 
are doubled over the column lapping, and the rectangular short- 
way belts remain the bottom the slab even where they pass over 
the columns. 


| 
| 
5 
4 
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Using the same notation before, have 


fifth and last type reinforcement shall examine 
here like Type III, except that all the belts are doubled lapping 
sufficient distance over the columns. 

3.62 

1.105 

For purposes illustration, take 0.10, possible and perhaps 
common value. Then 0.0467, and may state the results 


this inquiry, applied this case, follows, inserting place 


Type. 
10.7 
12.9 
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the values are given for the five types 


the diagram, Fig. 

There remains but point out the bearing all this current 
practice the design flat slabs. cannot recalled too often 
that the results obtained this paper are based solely statics and 


the single assumption that the shear around the periphery the 
column-top uniform. The stress obtained not the actual maximum 
stress the steel, but the lowest value which this stress can pos- 
sibly have under the loads and conditions assumed. The actual stresses 


| | | | | | | 
| 
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are determined the properties the materials, and their 
computation, say the least, intricate. With whatever industry the 
powers higher mathematics and the mysteries Grashof’s formulas 
and Poisson’s ratio may invoked, they cannot justify result for 
the maximum stress the steel smaller than the limiting value deter- 
mined this paper. 

will said, however, that many flat slab floors are now standing 
under loads which, according the results this inquiry, imply 
very high stress the steel; and other flat slabs have been tested with 
loads which, these results are correct, would seem bring the 
steel stress excess its ultimate strength. will usually suffice 
discuss such evidence when offered, but one fact may -pointed 
out advance, namely, that such test loads have been generally applied 
single interior panels, and this case the lateral strength and 
rigidity the adjoining panels afford admirable abutments for con- 
arch dome. 

the case buildings actual use, course, seldom, ever, 
happens that whole floor loaded with anything approaching its 
full live load one time. and there panel might fully 
loaded, but, through arch dome action, lightly loaded panel helps 
heavily loaded panel could not all were fully loaded. Then 
again, designers have happily been the habit providing factor 
safety which possibly accounts for the integrity many existing 
buildings. these mitigating circumstances are made use 
the interest economy, should done deliberately and with 
eyes open, not under cover incorrect method design. Specifica- 
tions might very well call for one live load for single panel and 
another lighter load for the loading entire floor, thus recognizing 
and permitting reliance dome action. 

The method analysis used this paper applicable, course, 
cases involving shapes column top other than circular plan, 
‘and rectangular well square panels. Designs involving deeper 
slab near the column than mid-span can also investigated 
this method; but space will not taken here into that. The 
paper will have served the writer’s purpose makes clear the nature 
the limitations set statics upon the load-carrying capacity 
flat slab floors with reference the stress the steel, and sufficiently 
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illustrates the application the principles involved facilitate their 
extension other cases that may arise. 

closing, the writer asks those who criticize this paper not con- 
fine themselves citing evidence appearing conflict with his find- 


ings, but also point out any errors they may find his premises 


reasoning. 
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RECENT IMPROVEMENTS LEVELING 
INSTRUMENTS. 


While the geodesist and the precise have been striving 
independent collateral effort raise the art leveling the 
dignity exact science, quite evident that such investigations 
have induced too great complexity instrumental construction. 

any leveling operation the tangential axis the bubble should 
regarded the datum plane, and the line sight the base line 
which the survey constructed. the telescope properly colli- 
mated, the line sight, rather the plane vision indicated the 
central horizontal wire, will occupy the equator the field view, 
and, for any ordinary distance, will describe true horizon when regu- 
lated properly adjusted spirit-level sufficient sensibility. 

The fundamental requirements any leveling instrument are 
simple the essentials, but they have been made intricate the 
intrusion mechanical details between the elements which de- 
pend the accuracy and rapidity the operation. 

The primary object preserve parallelism between the bubble- 
axis and the line sight; and provide easy method making 
telescopic observation simultaneously with ordinary observation, 
necessary adjust the bubble accurately the center its run. 
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the Wye-level* are required test this most vital adjust- 
ment through the Y-supports and the collars, which, various times, 
have been made red metal, bell metal, steel, invar, and supported 
ivory agate pivots, depending the degree precision sought 
the work. The collars are, reality, the basis adjustments, 
and the idea supporting them agate pivots, anything else that 
would tend wear them out, only one the fallacies experienced 
the attempt eliminate the instrumental inequalities which affect 
the final result. 

the Wye-level, are for successful perform- 
ance, the perfect verticality the vertical axis, which should 
considered preferably only means end; for, some 
more facile method can adjust the bubble and the sight-line 
parallelism, are certain projecting truly horizontal line when 
the bubble occupies the center its run, irrespective the conditions 
existing the leveling base. 

The practice interrupting the connection between the telescope 
and the vertical axis, with set horizontal elements pivoted one 
end and connected the other with “vertical adjustment” through 
micrometer gradienter screw, was first utilized George 
Brander, Augsburg, 1769. This constitutes the first great and 
only fundamental improvement that has ever been applied the 
mechanical construction the Wye-level. was adopted Professor 
Stampfer, Vienna, then Kern and other European manufacturers, 
until to-day, practically the only type used the 
Continent. 

The pivots were not moved the center the base-bars until 
Ertel, Munich, did 1842;+ and, learn from Englebreit’s 
der (Nurnberg, 1852), they were soon after 
elevated the cradle-wye the center line the telescope where 
amount correction would have any effect upon the height 

The Stampfer, the Kern model, which does not differ essen- 
tial details construction, was first adopted the United States 


the Journal, Royal Swedish Acad. Sci., Vol. 1743, 144. 


See article Cotta Polytechnisches Journal, Vol. 84, 1842. 
See also Die Geomatrischen Instrumente,” Dr. Hanover, 1864, 
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Lake Survey, 1876, and was used the exclusion other types 
the Coast and Survey until 1900. 

Professor Stampfer, who applied the gradienter screw this con- 
struction the portable transit instrument the early Seventies 
the last century, began experiments, the early stages his career, 
applying all leveling operations the principle reversion the 
widest sense, not only the instrument itself, but the operations 
performed with the instrument. 

principle, the primitive diopter ancient origin 
adapted the theory, will appear from inspection Fig. 


ANCIENT DIOPTER, 
SHOWING REVERSION PRINCIPLE 
ADJUSTMENT 
Fic. 


difficult say where instruments this character had their 
origin, but need not look back farther than 1660 when Thevenot 
invented the bubble-vial. They were supplied only with peep-holes and 
crossed horse-hair sights, but their construction reduced the process 
adjustments the simplest possible terms. 

this case are relieved any necessity for perfect verticality 
the vertical axis. the first sight, which may assumed hav- 
ing been taken through ab, intersected the rod reversing the 
instrument, and re-centering the bubble, necessary, should have 
the second observation, through a’, intersecting the rod under 
precisely the same conditions which controlled the first observation. 
Having established this artificial means true horizon for the 
height instrument not difficult arrange the sights, 
and into the alignment, de, which must parallel with the axis 
the bubble. This simple operation constitutes most accurate and 
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effective means adjustment and one which free from the in- 
fluence any mechanical defects the instrument itself. 

sight, however, with carefully collimated and 
unalterable sight line, are confronted with slightly different 
problem, which the telescope must first brought into coincidence 
with the mean two such observations and the bubble finally read- 
justed fit this condition. 

Professor Stampfer’s attempt substitute optical system which 
could utilized for this peculiar purpose resulted the model 
illustrated Fig. 


STAMPFER’S DIOPTER 
SIDE AND FRONT ELEVATION 


The optical sight consisted two plano-convex lenses about 
mm. aperture and about mm. focal length, placed opposite ends 
the tube, twice their focal length apart. Cross-wires the com- 
mon focal plane were located midway between them. 

The aperture was purposely reduced that the pupil the 
eye, for, such combination lenses, the focus must practically 
universal, with emergent beam consisting nearly parallel rays. 
Nothing would gained, therefore, producing larger image than 
could enter the eye. 

Each lens turn could used either eye-piece 
objective, and focusing was unimportant rarely necessary. The focal 
length the “objective” and the “ocular” being equal, the instrument 
possessed telescopic power and did not elevate the problem beyond 
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the most commonplace consideration, except that was possible 
secure simultaneous view the cross-hairs and distant target, 
without straining the accommodative function the eye. 


Fig. reproduced from Bauernfeind,* who says, one would 
translate: 


“The method utilized the most rational means instrumental ad- 
justment and balancing observations, and was really capable 
very accurate work. The lengths sights were strictly limited 
the range human vision, but experience has demonstrated that its 
error fell within 


the first edition Gillespie’s “Surveying” (1855), mention 
made attempt construct such instrument America, but 
the proposition’ was abandoned because there seemed means 
supplying telescopic power instrument which required optical 
components symmetrical formation both ends the tube. 

The idea was temporarily forgotten, but after discussing the matter 
correspondence with Raymond, Am. Soe. E., and Mr. 
Saegmueller, 1904, the writer utilized theme for con- 
siderable reflection and study. Whatever may said for the achieve- 
ments the “practical man” the precise mechanic the perfection 
engineering instruments, this attempt depart from the endless 
arguments the theory compensating errors all 
present instrumental types, was clearly problem for the scientific 
optician. 

appeal was made the best talent both America and Ger- 
and, after nearly three years investigation both the 
laboratory and field, telescopic optics any desired power have been 
applied last the principle reciprocal vision the palindromic 
herein described, which might otherwise known 
optical Janus. 

The new “Compensation Level” shown both elevations Figs. 
and and transition Fig. The writer responsible for 
the details its mechanical construction, which is, should be, 
only end—a vehicle manipulation which does not 
any appreciable manner enter into the character the result. 


der Vermessungskunde,” Dr. Bauernfeind, Miinchen, 1856, Vol. 
390, 


Instrumentenkunde, Berlin, Nov., 1909, Heft 11; ibid., Vol. 12, Nov., 
1892, 
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This instrument has system optics which possesses fascina- 
tion for students both pure and applied science, comprising two 
achromatic objectives equal aperture and focal length, immovably 
disposed opposite ends the tube that their principal focii over- 
lap, but fall slightly short the space between them. The lens system 
perféctly symmetrical one. What true one direction true 
the other; the argument, therefore, will conducted the singular. 

telescopes heretofore applied engineering instruments, 
focusing has been conducted either movement the objective draw- 
tube, the ocular tube which the diaphragm and eye-piece are 
mounted; and while least the first method was attempted the 
experimental stages this problem, has been thought desirable, 
above every other consideration, fix permanently the relationship 
between each objective and its corresponding cross-line sight. 

the plane the cross-wires placed the farthermost con- 
jugate focal plane the objective, are required concentrate 
pencil light, the origin which may any position the field, 
the rays somewhere between the objective and the 
cross-lines, with double concave negative lens ground curvatures 
long radius. 

This, therefore, lens low sensibility, the function which 
divert slightly the convergent rays suit every circumstance, 
depending only the position the tube which these rays are 
intercepted. inspection Figs. and will give idea the 
position the intermediate lens, both for infinity and proximity. 

the first case (Fig. 6), rays entering the objective nearly 
parallel lines, from the most distant points the field, would naturally 
form image at, near, the principal focus the objective 
indicated the longer dotted lines; but, passing through the 
negative lens, the rays are slightly bent toward the prism base, and 
not come focus until they reach the plane the cross-wires, 
indicated 

the incident beam enters the objective divergent rays from 
near-by object, Fig. would naturally converge con- 
jugate focal plane, at, very near, the fixed position the cross- 
lines. this case the negative lens moved nearer the diaphragm, 
where will exert the least refractive influence. 
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This arrangement lenses does not preclude the use the stadia 
interval, and most efficient and satisfactory means focus- 
ing, which may now tachymeters theodolites for 
mines and other purposes, where impervious telescope and 
greater security the collimation adjustment are prime con- 
sideration. 

applied leveling instruments, the intermediate lens would 
suggest, highly theoretical mind, the possibility not only subdu- 
ing the illumination, but modifying the collimation adjustment 
which constitutes the one and only imperative requirement which 
the accuracy this instrument depends. 


POSITION NEGATIVE LENS FOR NEAR-BY OBJECTS. 


The scientific optician allows for loss about illumina- 
tion, reflection and absorption, any polished lens ordinary 
thickness; but; this phenomenon apparent only trained eye, and 
may nearly without making sacrifice other optical 
qualities, increasing the diameter the objective per cent. 
this instrument, ‘as illustrated Figs. and there are more 
lenses than are necessary any terrestrial telescope commonly used 
the American engineer for most azimuth instruments and for many 
types levels. 

favor light under these has been 
thought desirable consider, preference, the astronomical (invert- 
ing) ocular which most advantageously suited for leveling instru- 
ments, whereas might cause some annoyance transits theodolites 


POSITION NEGATIVE LENS FOR DISTANT OBJECTS. 
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When the target rod used, the target itself not changed 
appearance when viewed upside down, and self-reading rods the 
figures have only inverted produce normal appearance the 
field view. general, may assumed that, any level 
supplied with Ramsden, Huyghens, Kellner, Steinheil, ortho- 
ocular, and the rod with inverted figures, the best selection 
the character the outfit has been procured. 

The optical arrangement this instrument such that two in- 
terchangeable astronomical oculars, producing magnifications equal 
X18 and X26, may used. This has been thought desirable, not only 
for the regulation power and light, but provide mis- 
fortune through loss one the other. 

Although the inverting ocular, therefore, most highly 
recommended, not impossible utilize the erecting type, shown 
connection with Fig. 10, which magnification X20 se- 
With this eye-piece, the superlative 
optical qualities, with respect illumination 
and size field, cannot expected, but has 
been designed option for those who are 
confused inverted image. The erecting 
eye-piece, together with erroneous idea that 
the accuracy the sight proportional 


FINE CROSS-LINES 
the length the optical axis, are the factors SURFACE 
which determine the unusual length the CROWN LENS 
modern Wye-level. The use erecting 


eye-piece, with the instrument under consideration substitute for 
the inverting ocular, increases the length the telescope 40%, in- 
creases the weight the instrument 20%, and reduces considerably 
the brightness the image. 

After much experimentation with new three-ring diaphragm 
(which was finally discarded), was decided, inasmuch the ob- 
jectives were immovably and permanently fixed the tube, that each, 
turn, could made serve excellent substitute for glass 
diaphragm for the other optical system. 

With this view, became necessary design elaborate 
collimating apparatus especially for this instrument. Where the 
optical axis each objective passes through the other, microscopic 
etched the outer the crown lens, with fine 
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diamond point, somewhat shown Fig. the elements which 
enter into the collimation adjustment, therefore, are fixed, may 
rationally assume permanency the adjustment itself, and look only 
the interior focusing lens for such derangements are possible 
under ordinary conditions work. 

The diaphragm which the cross-lines appear 
sarily, this case, equal the full aperture the objective. This 
condition makes impossible margin off the extreme outer rays 
which produce secondary spectrum, but the field view much 
larger than that which utilized either the eye-pieces, and 
slight fringe color the periphery not noticeable, unless de- 
liberate search made. The working part the field view free 
from spherical aberration, all the optical 
qualities which satisfy the most fastidious demand. There nothing, 
however, prevent the construction diaphragm proper pro- 
portions part the eye-piece mount, and fulfill this par- 
ticular the uttermost requirement the case. 

The position the plane the cross-lines has been located arbi- 
trarily where image will naturally produced having 
their origin ft. beyond the objective. For the shortest sight pos- 
sible observed through either end this instrument, 1.5 has 
been selected. 

The collimation adjustment consists the fixation the intersec- 
tion the cross-wires into the optical axis the objective, accom- 
plished some improvised axis longitudinal revolution. The 
collimation line this, any ordinary, telescope may slightly 
removed ‘geometrical axis, depending the amount 
eccentricity which exists the objective mount; but will parallel 
any case. 

thorough investigation into the probable causes collimation 
error, reconciling one optical system with the other, induces the con- 
clusion that the maximum total error reading must equal only 
the amount eccentricity the objectives, which not pro- 
gressive error any event, and, the horizontal plane, 
negligible quantity, however great. 

With the facilities manufacture now the disposal the 


precise mechanic, shall perjure the premises ifswe allow that, 


mounting, greater displacement than 0.1 mm. may occur either 
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side the geometrical axis the tube. Treating, however, with 
most exaggerated case this character, shall have, after the 
separate adjustinents for collimation, the conditions expressed the 
diagram, Fig. showing two possible sight-lines that must either 
coincident with, parallel to, the axis revolution. 

Eccentricity mounting will reveal itself, after the collimation 
adjustment, the telescope revolved the wyes. the field 
view appears move small circle, there eccentricity mount- 
ing; but, the collimation adjustment has been properly made, the 
intersection the cross-lines will appear move with the field. 

There will such thing inclination the optical axis 
error can possibly occur through oblique mounting, except that 
astigmatism, but this incidental rather than vital, and need not 
considered this, any more than any other, instrument. 


/, Cross-lines 


revolution 


EFFECT ECCENTRIC MOUNTING COLLIMATION. 

The chances for error induced any lateral movement the focus- 
ing lens have deal first with the collimation adjustment (or the 
position the optical axis fixed the cross-lines), then with the 
reproduction the rod the plane the cross-lines, thus fixed. 

testing the accuracy the collimation adjustment for either 
optical system, some very distant point the horizon should 
selected. the test made near-by object, will not fulfill, 
the highest theoretical sense, the requirements the case. The in- 
fallible test for errors this character the collimation 
near-by object after perfecting the adjustment some very distant 
point. This necessitates moving the interior lens between the positions 
shown Figs. and and this test ought qualify, irrespective 


eccentricities mounting, previously shown Molitor,* 


*Transactions, Am. Soc. E., Vol. XLV, 1901, 45. 


Collar 
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excellent collimator apparatus for use the field may ar- 
ranged placing the objectives level and transit juxta- 
position that beam light can pass directly through both optical 
systems. the transit telescope racked down its shortest length, 
will necessary focus the telescope the level at, near, 
infinity, order see the cross-wires the transit diaphragm. 
This method brings object, apparently infinite distance, into 
very convenient range, and the test may made night placing 
bright light immediately behind the transit eye-piece. The arrange- 
ment, illustrated Fig. 10, shows the level equipped with erect- 
ing eye-piece and special sunshade which may used interchange- 
ably with the inverting eye-pieces, and thus convert the telescope 
almost instantly from one type the other. 


APPARATUS, SHOWING READING MIRROR REMOVED 
AND BEARING CLIPS LOOSENED FACILITATE LONGITUDINAL 
REVOLUTION. 

The axis revolution established between the bearings 
the supports. desirable, therefore, that the caps should only 
slightly loosened and that the telescope should not removed from its 
supports, reversed for the second test, except the vertical axis. 


making the collimation test longitudinal revolution, not 


necessary that the telescope should horizontal; but the 


axis revolution the wyes must not modified except stated. 

The possibility securing permanently the collimation adjustment 
fixing immovably the relationship between the elements which 
constitute that adjustment, commends itself once, and, now that 
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may provide against any movement for either the objective the 
diaphragm, may mount them tube which sealed against the 

The telescope tube has been reinforced with three longitudinal 
ribs, cast, drawn, and turned down one solid piece with the outer 
wall. The carefully machined ribs add lateral strength, prevent flexure, 
preserve alignment, and form convenient skidway which slide 
the barrel which the lens mounted. The contact sur- 
faces between these ribs and the lens-barrel are the only movable parts 
which the accuracy the instrument depends. 

safely allow that the error due 
mounting the objectives con- 
stant not exceeding 0.2 mm. for all distances, 
may regarded negligible quantity, 
proposition seriously concerns only 
far irregular motion the focusing 
device may affect the reproduction the field 
view the plane the cross-wires. 


This influence been accorded most 
careful theoretical and practical investigation, TELESCOPE TUBE 
with results satisfactory that recom- 11. 
mended superior point accuracy either the other methods 
focusing now common use. 

theoretical consideration the effect produced the optical 
axis the negative focusing lens one involving some the simple 
laws refraction. For the purposes this demonstration, Fig. 
represents exaggerated condition affairs. 


! 


DIAGRAM SHOWING EFFECT LOST MOTION 
FOCUSING LENS. 


12. 


Let assumed that objective, and reticule, are im- 
movably placed with respect each other. assumed that the 
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negative lens, being the position, when focused infinity drops 
out alignment from the optical axis, AB, the position, 3M, 
through displacement equal when focysed object, say, 
ft. away. 

the position, 3M, the axial ray from will deflected 
angle having base equal and the anterior focal point will drop 
accordingly Let the total amount deflection the diaphragm 
equal and let the distance from equal f,. From similar 
triangles have: 

the very portable instrument under discussion, the focal length 
the negative lens, f,, equal 350 mm., and the mean value 
equal about mm. Substituting, have: 


other words, for level this length, the displacement the 
image the diaphragm will equal about one-fifth the devia- 
tion the focusing lens from the optical axis. 

The contact bearings the inner lens-barrel can made move 
accurately that, whether consider the error displacement, 
applied collimation adjustment accuracy pointing, can 
only that must fall within the diameter the sight line 
itself, and remain within the limbo intangible quantities. 

The mechanical process focusing this method necessitates 
only movement the interior lens between the telescope supports, 
where such reapportionment weight will not sensibly affect the 
center gravity destroy the equilibrium the instrument. 

The bubble tube rigidly attached directly over the top the tele- 
has adjustments for height and alignment, but the lateral 
adjustment not now important, inasmuch have dispensed 
with the function the wyes, except means for testing collima- 
tion. this account are neither concerned with the influence 
exerted inequalities the collars, due wear concretions 
dust, nor the necessity striding level with which such errors may 
tested. 


|| 
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temperature fluctuations have any effect the horizontality 
the level vial, the elimination such discrepancies accomplished 
only the process end-for-end reversals, which forms part 
the prescribed routine the performance precise leveling with 
instrument this type. 

The accuracy results depends entirely and directly the rela- 
tion the bubble axis the sight line, and sudden 
changes temperature will affect such work only they are capable 
disturbing this relationship. 

Wilson, Am. E., with Professor Molitor 
the opinion that precise leveling does not differ materially from the 
ordinary kind, except the character the instrument; and that 
practically all residual errors are attributable temperature changes.* 
would seem, therefore, provide the new instrument ready 
means testing the collimation, that temperature effects will com- 
pensate themselves reversals, and that will longer necessary 
equalize forward back-sights, unless thought desirable 

Although variations temperature may affect somewhat the angu- 
lar value the graduations the bubble vial, its capability in- 
dicate truly horizontal setting not impaired the same central 
segment the graduated scale used, advocated the late 
Johnson, Am. Soe. 

each side the bubble tube are sockets for the reception 
the mirror supports. The mirror frame hinged the center, 
that the reflected image the bubble may viewed from either 
end the telescope with equal facility. This method observing 
the bubble was adopted account its peculiar fitness the require- 
ments the case; but stop has been provided that regulates the 
amount inclination approximately 40° each way, and also 
prevent cracking the vial reckless use. 

Naturally, the longer the bubble the greater the amount error, 
due parallax reading this method; but this constant, 
sensitive bubble, must necessarily and will neutralize 


Transactions, Am, Soc. E., XLV, 126. 


+See Smith, Am. Soc. E., Bulletin, Univ. Vol. No. 1895. 
W.S. Williams, Assoc. Am. Soc. Transactions, Am. Soc. E., Vol. XLV. 1901, 
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itself reversals. For ordinary leveling operations may dis- 
regarded entirely. would seem, from the peculiar conditions and 
the requirements the case, that the process end-for-end 
reversals every real imaginary error, traceable the bubble its 
mounting, will perfectly compensated and automatically corrected. 

Our total anxiety, therefore, the use the instrument may 
concentrated the parallelism between the bubble axis and the 
biaxial sight-line which must adjusted; but this can tested 
any time, within from min., second observation, without 
moving out one’s tracks and without assistant. 

For ordinary leveling purposes, the operator will naturally make 
this test the morning, required all assistants the Coast 
Survey, and, when satisfied, will apply the eye-piece one objective 
and the sun-shade the other, for continuous and accurate work. 
This instrument was designed only for use more ordinary work, 
but the object this paper show that the construction such 
that the most precise results may still secured two sets 
double observations, the assumption that the collimation and the 
bubble are both out 

The instrument’s first claim the attention the engineer 
the wonderful facility with which the adjustment for parallelism may 
tested, and the accuracy and speed with which may rectified. 
unbiased, open-minded examination into those parts the instru- 
ment which might suspected infidelity, develops the conclusion 
that, one one, they may reduced negligible quantities. 

The vertical adjustment device entirely new model, peculiarly 
adapted the reversible qualities this instrument. The upper 
element the base-bar forms channel encasement for the lower ele- 
ment, which rigidly attached the vertical axis. 

The telescope and bubble are mounted the upper element 
non-adjustable supports. The upper element, with telescope and bub- 
ble, revolves through short the vertical plane, conical pivot 
eccentric worm gear the center the bars, some mm. below 
the axis the telescope. 

This improvement over the method placing the pivots 
one end, but nothing essential would gained further 
modification the mechanical equipment, order get the pivots 
the horizontal plane which coincident with the longitudinal 
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axis the telescope. The reversion principle this level de- 
mands that shall place the pivots the center, order that 
the height instrument shall not modified the second observa- 
tion. the instrument, considered this paper, was intended for the 
measurement small vertical angles micrometer screw, 
agreed that the longer base secured placing the pivots the opposite 
end would contribute the efficiency the construction; but the 
(25-em.), instrument herein described, the micrometer not 
adaptable, and proposed, further, that the micrometer method 
securing precise results shall superseded the process reciprocal 
vision herein described, the three-wire method already adopted. 

The mechanical construction the “vertical adjustment” this 
design cannot adapted for use gradienter because the value 
one division the drum would change constantly the different 
positions the gear. For convenience manipulation, 
are required communicate slight vertical movement through 
horizontal bar revolving its own axis. 

The horizontal bar terminates milled-heads, symmetrically placed 
directly under each successive position the eye-piece, 
whether direct reverse position, the final delicate setting the 
bubble can accomplished without inconvenience confusion. This 
method quite unique, and well adapted this construction. 

The upper base-bar not always necessarily parallel with the 
lower, nor perpendicular the vertical, axis. normal position, 
however, may quickly determined reversals the vertical axis 
half the bubble displacement the leveling base and 
the other half the “vertical adjustment.” one two 
trials the bubble should remain centered during entire revolution. 

The mechanical separation the connection between the telescope 
and the vertical axis distinguishes this instrument once from the 
dumpy type, and places formally the precise class, irrespective 
its numerous other claims this distinction. 

precise levels the Coast Survey circular-box bubble 
has been attached the lower element the base-bar secure nearly 
vertical setting the vertical without regard the relation- 
ship the upper portion the instrument, and independent the 
more sensitive vial which mounted the telescope, but the com- 
paratively small instrument’ heréin described “normal adjustment” 
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such easy accomplishment that has seemed preferable dis- 
pense with the cireular bubble, which has given sensibility means 
adjustment. 

This alternative seems the more commend itself inasmuch 
the “vertical adjustment” constructed endless worm gear 
which the total amount elevation cannot exceed 
1.8 mm. either side the normal line. either milled-head 
were turned continuously, the telescope would only rise and fall 
uninterrupted The operator will become quickly accus- 
tomed the effect produced the mirror turning the milled-head 
either the right left, and this effect will the same when viewed 
from either end the instrument. 

The tangent release mechanism also new idea, absolutely with- 
out. far the writer knows.. shown Fig. the 
nose-piece, instead being rigidly attached. the lower bar, 
movable and adapted engage either end the instru- 
ment, shown. reversing the instrument, the clamp-screw 
the vertical axis need not thrown open, usual, but the whole 
clamp-and-tangent arrangement may allowed remain, that can 
with the right hand either position the upper 
portion the instrument. 

When looking through either end the telescope, the focusing 
the vertical adjustment, the clamp screw, and the tangent screw, 
may manipulated either the right left hand, desired, de- 
pending the habits the operator, and, fact, all other details 
both the optical and mechanical equipment are symmetrical, inter- 
changeable, perfect equipoise. 

The type base shown the various illustrations 
also new model, which attachable the ordinary tripod, 
applicable the ordinary type transit level, and provided 
with the regular type shifting center, such the American engineer 
has used since 1858. leveling instruments, the shifting center 
not necessary, but azimuth instruments, which are required 
centered over given point, the appliance almost indispensable. 
Referring Fig. 13, the spring, which accommodates 
movement through the center. the longer attached 
awkward spring-bar the European model, but snugly contained 
the central capsule the plate. 
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Every movement each the three leveling screws compen- 
sated automatically the center, and the tension the leveling arms 
equalized. Unequal strain varying temperature, which has subtle 
influence the bubble, eliminated, and the longer radial arms, 
with larger thumb-screws German silver, provide more sensitive 
control. This type leveling base, while very convenient, not 
indispensable the instrument herein described, any other pro- 
vided with “vertical but, the ordinary dumpy level, 
adds ease manipulation and efficiency operation. 

While use, the coarsely-knurled clamp ring loosened, 
but, for transportation, screwed down against the flange, 
order lock the instrument securely against the lower 


Fic. THREE-SCREW BASE WITH SHIFTING CENTER. 


One quickly becomes used the system, and not 
too much say that, one the placed directly beneath 
the intersection the two lines marking the longest axis the 
bubble tubes transit, the bubbles may centered one end the 
same time with remarkable speed. 

leveling such instrument described, first secure the 
normal position the bubble, then place the telescope parallel any 
two the leveling screws. After centering the bubble this posi- 
tion, revolve the telescope 90° and center the bubble once more, using 
the third leveling screw alone. 
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TIDAL PHENOMENA 
THE HARBOR NEW 


For the purpose this paper, the harbor New York taken 
include the Lower Bay, the Upper Bay, the Hudson River Mount 
St. Vincent, the East River Throgs Neck, the Harlem River, Newark 
Bay, the Kill van Kull, the Arthur Kill, and Jamaica Bay. Each 
these divisions can considered branch, although the tidal 
phenomena, taken as-a connected whole, are affected the character- 
isties each. 


map the harbor, Fig. shows the positions these different 
parts and their relations each other. 

difficult describe the tidal actions clearly and coneisely be- 
cause the movements the water all parts the harbor are not 
This due the following causes: 


harbor extended that there considerable difference 
time between the periods high water various points; 
2.—The variation the range tides; 


3.—Some the currents being produced progressive tidal wave 
motion, some hydraulic conditions (that is, difference 


water and. some the interference two distinct 
tidal waves; 


papers are issued before the date set for presentation and discus- 
sion. Correspondence invited from those who cannot present at. meeting, 
and may sent mail the Secretary. Discussion, either oral written, will 
published subsequent number Proceedings, and, when finally closed, the 
papers, with discussion full, will published Transactions. 
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4.—The variable flow fresh-water into the harbor from the rivers 
is, seasonal variation) 

5.—The under-run, caused the inertia the flowing stream, 
the difference specific gravity between sea-water and 
land-water, and possibly the configuration the harbor 
bottom. 


Average conditions exist only occasionally. Variations tidal range 
any station are caused the relative positions the moon and 
sun, and other factors. The winds also have great temporary 
influence the rise and. fall the tides. Outside temporary in- 
fluences, such wind, the regular changes are periodic; therefore, the 
difficulty describing the phenomena will apparent, because the 
conditions which exist one day will not exist the days preceding 
following. the general phenomena will depend closely average 
conditions, the tidal phenomena described herein will based mean 
conditions tidal range, velocities, and volumes tidal flow. 

Where velocities have been observed given date they have been 
corrected what they would have been had the mean conditions existed 
that date. The method for the correction velocities multi- 
plication the observed velocity the ratio the mean tidal range 
the tidal range the day question, accordance with the con- 
ditions given for the different parts the harbor, stated under the 
heading “Effect Tidal Range Velocity,” page 670. 

The water gradually shallows toward the shores. the water sur- 
face was lowered, the boundary the land would changed form. 
These changes are interesting and instructive, studying the tidal 
phenomena the harbor, and are shown Figs. and which 
the water surface drawn mean low water, and ft. and ft. 
below this level, respectively. 

These figures show that, the aggregate water surfaces mean 
low water, only about 58% has depth more than ft. the water 
level was lowered ft., the only water surfaces left would the 
Hudson and East Rivers, which uniting just below the Battery, would 
flow through the main channel the Atlantic Ocean. That is, only 
the important channels would remain. Taking the harbor divisions 
defined Appendix the water surfaces different planes would 
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TABLE 1.—AREAS WATER SURFACES, MILEs. 


ft. ft. 
Hudson River, Battery Mt. St. Vincent........ 14.49 13.78 12.88 
East River, Battery Throgs Neck............... 15.20 10.30 8.54 
Jamaica Bay, excluding 21.61 4.40 2.20 
100% 74.6% 58.6% 


The. phenomena “under-run” and “inertia” are well confined 
within areas having depth water greater than ft. below mean 
level. 

Profiles the harbor bottom are shown Figs. and The 
former profile through the Lower Bay, Upper Bay, East River, and 
Hudson River, along the line the channel; the latter profile 
average depths sections across the stream along the same line. Be- 
tween the Atlantic and the Sound entrances the harbor, the depths 
the sections tend vary inversely their widths. 


The normal currents the harbor are produced progressive 
periodic waves, hydraulic conditions, combination these 
two causes. 

The progressive wave the natural motion, due mainly the at- 
tractions the moon and sun. When the wave unobstructed, the 
maximum flood and ebb velocities occur about the times high and 
low water, respectively. The profile true tidal wave sinusoid. 
The velocities, well the heights (stages) the water, are pro- 
portional the ordinates sinusoid the abscissas which have time 
values. 

When conditions obtain, current flows, account 
the difference head which exists temporarily bodies 
water connected. this case the maximum velocities occur some 
time between local high and low waters, depending the time 
greatest hydraulic slope and the the channel. 
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When combination progressive wave and hydraulic conditions 
obtains, the greatest flood and ebb velocities occur irregularly, de- 
pending which condition predominates. the wave re- 
stricted interference other causes, the curves (having ordinates 
which represent velocities heights water surface different 
periods time) depart from true sine curves, amounts depending 

The time complete tidal period, comprising flood and ebb, 
lunar hours. Under normal conditions, the flood flow 
during lunar hours each, except for the small time lost slack 
waters. 

lunar hour equivalent 1.03505 solar hours, lunar hours 
are equivalent about hours, 12.6 min., solar time. 

channel where the current follows closely true tidal wave 
action, which harmonie character, floating object will carried, 
during complete flood ebb period, distance 


12.4206 


nearly knots, which denotes the maximum velocity the 
current, knots per solar hour. 
Similarly, the velocity which floating particle will 


the current any time can estimated from the formula, 


where denotes the number lunar hours after the time strength; 
cos. 


where denotes the number solar hours after the time strength. 
computing and plotting number these velocities different 
how floating object will drifted the currents. 
There some difference, however, due 
1.—The under-run the times tidal changes; 
2.—The inertia the flowing stream when changes from ebb 
flood; 
3.—The shore currents not being the same the channel currents; 
4.—Variations due wind; 
5.—Variations due land-water flow coming down the rivers 
from drainage areas above; 
6.—Variations tidal ranges. 
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Owing variations channel sections and directions, which cause 
side currents, not safe predict the course which floating particle 
will take. safer rely observations with floats, many which 
have been made the Metropolitan Sewerage Commission,* and will 
referred later. 


must remembered that the surface velocities not readily in- 


dicate the mean velocities tidal streams. Although the surface par- 


ticles may have known velocity one direction, the velocity and di- 
rection the particles beneath the surface often differ materially. 

determine accurately the mean velocity tidal current, 
would necessary take synchronous observations many points 
across stream and many points depth below the Such 


observations should extend over considerable period time 
order obtain fair averages. 


INTERFERENCE TIDES. 


When separate tidal waves enter strait from opposite ends, there 


results the strait “interference” tide. This not necessarily 


the algebraic sum the two separate tides. other words, when the 
two waves meet and overlap, the result the overlap not necessarily 
superposition one wave upon the other. 

The actual tidal rise fall above below mean sea level, other 
things being equal and not acting disturbing factors, any hour 
the tidal interval, equal coefficient multiplied the algebraic 
sum the rises falls the two The difference times 
between high and low water each end the strait important 
factor. 

Interference tides occur the harbor because separate tidal waves 
enter, one from the sea past Sandy Hook and the other from Long 
Island Sound past Willets Point. These separate tidal waves are not 
synchronous, that is, their periods high low water not occur 
the same time. 

The Sound tidet (through Hell Gate) distinctly traced Gov- 
ernors Island, where, although much reduced range, frequently 
found affect the observed tide, mostly the way reducing the 

Physical Hydrographer, used 0.65 for the coefficient com- 
puting the composite tide the East River. Thus, the predicted tide was estimated 
taking 0.65 times the algebraic sum the difference heights the tides measured from 


mean sea level. U.S. Coast and Geodetic Survey, 1867, No. 18. 
tU. Coast and Geodetic Survey, 1866, Appendix No. 


EE 
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rise and fall. The southern tide from The meets small 
propagation the Sound tide, the lunar which differs 
nearly hours; the result reduction range. This the prin- 
cipal reason why the tidal range Governors Island less than that 
Sandy Hook. The tidal range also reduced the expansion 
The Narrows’ tidal wave Upper New York Bay.* 

The East River strait, one end which the tidal range 
and the other Where the high range occurs 
(Willets Point) the tidal wave hours, min., later than the 
tidal wave the other end (Governors Island). The two tides meet 
and overlap each other Hell Gate; and they differ 
times and heights, they cause contrasts water elevations which call 
into existence violent currents. 

The volume water flowing through the strait one direction 
not necessarily equal that flowing the opposite direction, but 
depends the relative times when each wave enters its respective end 
the strait, well the total range each end. 

one wave enters later than the other, and has greater range, 
the mean height the water when the current flowing one way will 
higher than the mean height when the current flowing contrari- 
wise. Consequently, the sectional area the stream one case will 
greater than the other, and larger volume water likely 
pass during tidal variation. 

Suppose curves for the waves entering each end strait 
drawn, and then that the two curves superimposed that the 
distance between the peaks will represent the difference time between 
high waters each end, shown Fig. The upper curves are true 
sinusoids, representing the mean ranges tide each end the East 
River, namely Governors Island and Willets Point. The lower curves 
show the East River conditions for one set observations, recorded 
the Report the Coast and Geodetic Survey for 1888, 
Appendix No. 

Lunest will formed and When the curves are true 
sinusoids, their areas are equal; but, under actual tidal conditions, 
their areas are only approximately equal. lunes are unbalanced, 
for the center one higher than that the other, shown the 
crosses Fig. 


*U. Coast and Geodetic Survey, 1867. Appendix No. 13. 
+U. Coast and Survey, 1886, Appendix No. 18. 
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During the time the formation Lune the water surface 
Willets Point higher than that Governors Island, thus tending 
produce current from the former toward the latter. Conversely, 
during the time the formation Lune the tendency pro- 
duce current the opposite direction. 

The centers these lunes are the mean levels the water 
during the times the water has the hydraulic conditions represented 
Lunes and respectively. Therefore, the mean cross-sectional 
area one stream greater than that the other. the mean 
velocities the currents are the same each direction then, the 
slopes are equal, greater volume will flow one direction 
than the other, account the larger area the stream section. 

the case the East River, the greater section and the tendency 
toward greater volume flow for the current running from Willets 
Point Governors Island. 

The Harlem River conditions are the result interference tides, 
with waves entering from the Hudson River and the East River 
different times. The Harlem River really strait, and what has 


been said about the East River would also apply modified way 
it. 


Prisms. 

tidal prism the volume water contained between low-water 
and high-water levels. The tidal prisms were multiply- 
ing the area the water surface the mean range the tide. The 
areas the water surfaces, the tidal ranges, and the volumes the 
tidal prisms are given Table 

For equal ranges tide, the percentage which the tidal prism 
the volume below mean low water will increase inversely the 
average depth below mean low water; therefore, the shallower the 
water the greater will the ratio change volume during each 
tide. The least ratio change the Hudson River, and the greatest 
Newark Bay, shown the last column Table 


The water surface the harbor was from the Govern- 
ment charts.* This surface 65.12 sq. miles, exclusive the Lower 
Bay and Jamaica Bay. The areas the several divisions are given 


*The boundaries the harbor divisions are given Appendix 
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Table The area the Lower Bay 124.3 sq. miles, and 
Jamaica Bay 21.61 sq. miles. 


TABLE DEPTHS, TIDAL RANGES, VOLUMES, AND 
TIDAL 


East River, Battery East 88th 8.50 4.7 091 459 14.8 
East 88th Street Old Ferry 
Old Ferry Point Throgs 


estimate the volumes water below mean low water was 
made the following manner: For the Upper Bay, Newark Bay, and 
the East River between East 88th Street, Manhattan, and Throgs Neck, 
the chart areas were divided into squares, and the depths given 
the chart were averaged for each square fraction thereof. The 
shore lines were taken marked the charts for mean low water. 
The volumes under each square were found and added. For the Hud- 
son River, East River south 88th Street, Harlem River, Arthur Kill, 
and Kill van Kull, cross-sections were drawn regular intervals, from 
information Government charts large scale, and cross-sectional 
areas were obtained. From these areas and their distances apart the 
volumes were calculated. The results are given Table 

any hour, there more water the harbor than given the 
sum these figures, because mean low water does not occur the 
same hour all its parts. 

The volume water variable from hour hour, and the approxi- 
mate mean value nearly the sum the quantity water below 
mean low water and one-half the mean tidal prism. The tidal 
prisms are given Table average quantity water, there- 
fore, not far from the sum 41011000000 and 4394 
405 500 000 ft., exclusive the Lower Bay and Jamaica Bay. 
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The tidal ranges, the rise and fall the tides, are not the same 
all the harbor; also, the hours which high and low water 


occur different points vary considerably. These statistics are given 
Table 


TABLE 3.—MEAN RANGE TIDES, AND TIMES HIGH. AND 
Low WATER.* 


DIFFERENCES 
Station. tidal range, 
feet 

Sandy Hook 4.7 7.35 1.27 —0.29 
Canarsie. Jamaica 4.2 2.35 0.30 
Tottenville, Arthur Kill............... 5.6 7.55 1.59 —0.09 
Shooters: Island, Newark Bay......... 4.6 8.20 2.28 0.17 0.23 
Passaic Light, Newark Bay........... 4.7 8.41 2.59 0.38 0.54 
Fort Hamilton, 4.6 7.41 1.38 
Governors 4.4 8.04 2.05 0.00 0.00 
Blackwells Island Light............... 5.3 9.54 3.39 1.50 1.33 
4.0 8.49 2.51 0.45 0.46 


Solar time, bours and minutes, after transit moon. 
that Governors Island, hours and minutes. 


VELOCITIES. 


The current velocities are variable throughout the harbor, and are 
dependent the ‘conditions existing the time observation. Under 
normal conditions, the coefficient which expresses the relation between 


swiftest surface thread of.a current and the mean cross-sectional 


velocity probably fairly constant for any.one section, although 
affected inertia and the reversal the currents due change 
direction, which reversal does not place simultaneously throughout 

Under normal conditions, the swiftest surface velocities 
velocities just under the surface) the tidal currents, when flowing 
the normal duration surface currents, hours. These veloci- 
ties and durations were. obtained. from records the Coast and 
Geodetic Survey and from float the Metropolitan 
Sewerage Commission. 
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The mean surface velocity the swiftest thread approximately 


times the velocity strength, the wave formation harmonic 


character. 


TABLE SWIFTEST SURFACE VELOCITIES STRENGTH, 
KNOTS; AND NORMAL DURATION SURFACE CURRENTS, 


STRENGTH. 
Station. 


Ebb. Ebb. Flood. 


The Narrows 


Kill Kull, off Port Richmond 2.2 1.9 
0.1 mile Bergen 2.0 1.8 6.4 5.6 

ft, High 1.9 1.8 6.0 6.0 


durations slack-water are not the same all parts the harbor, nor does the 
current change the same parts asection. periods are in- 
cluded the duration the currents, which add lunar hours. 


Some observations the velocities the currents different depths 
have been made few sections the harbor.* They were made 
one only few stations section, and the records are not 
sufficiently full material value determining the mean cross- 
sectional velocity, the coefficient expressing the rela- 
tion between the velocity the swiftest surface thread and the mean 
velocity the section. They show, however, that the currents not 
reverse simultaneously section, and also that the period 
time occupied change current not the same for 
ebb flood for flood ebb. Generally speaking, the period 
longer the former case and shorter the latter. 

The surface some parts the bottom the harbor much freer 
from fine silt and light deposits than others. also appears that 
when the velocities exceed ft. per sec., the finer and lighter materials 
are washed away and deposited the deeper quieter parts. 
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Errect RANGE VELOCITY. 


the East River the tidal currents are nearly hydraulic, that is, 
they flow from the body having temporarily the higher water-surface 
level the one having temporarily the lower. other words, the 
flow caused the difference height which temporarily exists 
between the bodies connected. consequence, the velocities the 
East River vary closely the square root the range tide. 

the Hudson River the tidal currents are due chiefly the pro- 
gressive wave motion, shown the fact that the greatest flood 
and ebb velocities occur nearly the times local high and low 
waters. the Hudson, therefore, the velocities vary directly the 
range tide. 

the Kill van Kull and the Arthur Kill the tidal currents are 
nearly hydraulic, and them, the East River, the velocities vary 
closely the square root the range tide. 

The Narrows the tidal currents are partly hydraulic and partly 
due the progressive wave motion. consequence, the velocities 
there vary approximately midway between the square root and di- 
rectly the range tide. 

the Harlem River the tidal currents are nearly hydraulic, and 
are due temporary difference water level the East River 
and the Hudson. Therefore, the velocities vary approximately the 
square root the range tide. 

Rockaway Inlet, joining Jamaica Bay and the Atlantic Ocean, 
the currents are hydraulic. The velocities, therefore, vary the square 
root the range tide, the greatest velocities about hours 
before high low water. 


The currents which exist the harbor each lunar hour 
tidal are given The directions the currents were 
obtained chiefly from the float experiments the Metropolitan Sewer- 
age Commission, and were checked from the curves shown Fig. 
Other observations were also made, for purposes verification. The 
construction the curves Fig. explained page 730. 

Lunar Hour.—The water flowing out the Upper Bay, through 
The Narrows, toward the sea; into the Upper Bay, through the Kill 
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———-— Flow of Hudson River. 
~ Flow of Kill van Kull. 
-——— -= Flow of The Narrows. 
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Downward represent Water Flowing Into|Upper Bay 


Millions Cubic Feet per Lunar Hour. 


1,000 


2,000 


an 

= 


672 TIDAL NEW YORK HARBOR 


van Kull, the East River, and the Hudson River; and the water level 
the Upper Bay falling. 

through The Narrows, toward the sea; into the Upper Bay through the 
East River and the Hudson River; the Kill van Kull nearly slack; 
and the the Upper Bay about mean low water. 

III Lunar Hour.—The flowing out the Upper Bay, 
through The Narrows, toward the sea; out the Upper Bay, through 
the Kill van Kull; into the Upper Bay, through the East River and 
the Hudson River; and the water the Upper Bay rising. 

Lunar water flowing into the Upper Bay, 
through The Narrows, from the sea; into the Upper Bay, from the 
Hudson River; out the Upper Bay and Hudson River, into the 
East River, out the Upper Bay, into the Kill van Kull; and the 
water the Bay rising. 

Lunar water flowing into the Upper Bay, through 
The Narrows, from the sea; the Hudson River nearly slack; the water 
flowing out the Upper Bay, through the East River and the Kill 
van Kull; and the water the Bay rising. 

Lunar Hour—The water flowing into the Upper Bay, 
through The Narrows, from the sea; out the Upper Bay, through 
the Hudson River, East and Kill van Kull; and the water 
the Bay rising. 

VII water flowing into the Upper Bay, 
through The Narrows, from the sea; out the Upper Bay, through the 
Hudson River, East River, and Kill van Kull; and the water the 
Bay rising. 

VIII water flowing into the Upper Bay, 
through The Narrows, from the sea; out the Upper Bay, through 
the East River and the Hudson River; the Kill van Kull nearly 
slack; and the water the Bay about mean high water. 

water flowing into the Upper Bay, 
through The Narrows, from the sea; into the Upper Bay, through 
the Kill van Kull; out the Upper Bay, through the Hudson River 
and the East River; and the water the Bay falling. 

Lunar water flowing out the Upper Bay, 
through The Narrows, toward the sea; out the Upper Bay, through 
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the Hudson River; into the Upper Bay and Hudson River, through 
the East River; into the Upper Bay, through the 
the water the Bay falling, 

water flowing out the Upper Bay, 
through The Narrows, toward the sea; the Hudson River nearly 
slack the water flowing into the Upper Bay, through the East River 
and the Kill van and the water the Bay 

XII water flowing out the Upper Bay, 
through The Narrows, toward the sea; into the Upper Bay, through 
the Hudson River, River, and Kill van Kull; and the water 
the Bay falling. 


The water surfaces are ‘changing continually throughout the tidal 
eycle, and the differences elevation create slopes which are influen- 
tial causing the water flow first one, and then reverse, 
direction. 

Figs. 20, show the water surfaces each lunar hour 
during the cycle. comparing one figure with those for the pre- 
ceding and subsequent hours, the rapid changes levels are apparent. 
The figures show the cause the violent currents through Hell Gate, 
and the which exist this interesting place. These fig- 
ures were drawn from information contained Appendix 15, Report 
1887, and Appendix Report 1888, the Coast and 
Geodetic Survey, with the elevations for some additional points caleu- 
lated the writer from Tide Table information. 


The land-water discharged into the harbor comes from the rivers 
and their contributing basins. The Coast and Geodetic Survey 
made estimate* this land-water, based the records the gaug- 
ing stations maintained the Geological, Survey and the New 
York State Engineer and Surveyor Mechanicsville the Hudson 
(1890 1905), and about miles below Rexford Flats 
the Mohawk River (1901-1905). quantity land-water running 
off areas below these stations has been assumed these 
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areas the measured discharges are the areas above the gauging 
stations. The results thus obtained were then multiplied factors 
representing the ratios the annual rainfalls over the regions under 
consideration the annual the regions above the gauging 
stations. These rainfall ratios were obtained from Professor 
Henry’s “Climatology the United States.” The final results esti- 
mates the land-water discharges are given Table 


CURRENT PHENOMENA. 


The turn the tide takes place first along the shore, that the 
shore currents often flow contrariwise the channel currents. The 
Narrows, the first change current appears the east side the 
channel. 

When the tidal turn from flood ebb from ebb flood, 
the inertia the moving stream plays very important part. the 
specific gravity the sea outside New York bar 1.024, the 
sea-water approximately 24% heavier than the fresh-water dis- 
charged from the rivers. the tide begins flood, there tend- 
ency for this lighter fresh-water flow out over the top the incom- 
ing heavier salt-water, and for the formation top cur- 
rents flowing opposite directions. Consequently; “under-run” 
formed. The “under-run” salt-water the Hudson River extends 
above Poughkeepsie, where the water often found brackish during 
seasons when the river discharge land-water small. 

The Metropolitan Sewerage Commission made more than ninety 
float experiments during 1907, 1908, and 1909. The floats were made 
order that they might influenced the wind, and were 
two kinds: submerged ‘can supported wire can float, and 
wooden post carrying vanes the lower end supported wooden 
float the upper end. The can float was made the following way: 
The submerged can was in. diameter and in. high, and had 
the float proper. The length this wire could varied, but was 
usually about ft. The float was can, in. diameter and in. 
high, hermetically sealed, and had socket the cover which could 
placed staff for small flag. The submerged can had opening 
the apparatus until the float became almost submerged. 
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TABLE 5.—AVERAGE DISCHARGE FRESH WATER, CUBIC FEET PER SIx LUNAR 
NEW YORK HARBOR. 


Area, 
Contributing basin. square 
miles. 
Hudson River (above Battery 369 
East River, between Governors Island and Randalls Island.. 
Newark Bay and Kill van Kull, ignoring discharge through 


Newark Bay and Kill van Kull, allowing for 
proportion from Newark Bay flowing through the 


Upper Bay (exclusive all above 
Total Bay above The 895 
Kill, allowing 16. for proportion from Newark 


*Total entering Lower Bay, exclusive that entering 


Contributing basin. square 


274 000 984 000 577 000 689 000 1.565 000 


440 958 845 323 249 974 000 218 000 548 


000 


July. Sept: Oct. Noy. Dec. Mean. 


Hudson River (above Battery 369 
East River, between Governors and Randalls 
Newark Kill van Kull, ignoring discharge through 
Newark Bay and Kill van Kull, allowing for the 
proportion from Newark Bay flowing through the 


Upper Bay (exclusive all above tributaries)............... 
Kill allowing for proportion from Newark 

*Total entering Lower Bay, exclusive that entering 


984 894 000 000 1408000} 1690000 


the water entering and leaving Newark Bay and tributaries, 83.66313% passes Kill van Kull and passes the upper end 


Arthur Kill. 
Mohawk Valleys, above gaug- 
rainfall Hudson Valley below gauging 
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The second float consisted 4-in. wooden standard, vary- 
ing length, but usually about ft. the lower end, four 
upper end 24-in., wooden block was fastened vertically, 
and the whole was weighted that was nearly submerged. the 
upper end the float there were iron straps which carried two heavy 
hooks for fastening the lifting tackle, and light rod which could 
put flag during the day lantern night. The second type 
float gave the greater satisfaction, was the more substantial 
for this heavy service, and its motion was not affected appreciably 
the wind. 

Floats were set adrift different parts the harbor and differ- 
ent stages the tide. They were followed observers who noted 
their position frequent intervals, generally using the sextant, and 
the positions were plotted large-scale chart. Many the paths 
thus traced were duplicated other floats. Broadly speaking, the 
floats showed general trend toward the sea, past Sandy Hook; 
although, naturally, they were carried forward and backward with the 
ebb and flood tides. Figs. 32, inclusive, show the paths twelve 
representative floats, observed the Metropolitan Sewerage Com- 
mission. Fig. shows the paths floats the entrance Jamaica 
Bay observed under the direction Col. John Knight, Corps 
Engineers, Army, December, 1908. Some were started 
the ocean and entered the bay flood tide, others were set adrift 
the entrance and passed out ebb tide. The tendency for the 
currents flow into and out the bay around Rockaway Point. The 
flow chiefly and from the ocean, and less directly past Coney 
Island. 

The paths the floats show the general behavior the currents 
the harbor; the general drift toward the Atlantic Ocean; the back- 
ward and forward paths the Upper Bay and rivers; the tendency 
hug the Staten Island shore The Narrows; the tendency parti- 
cle remain Newark Bay and Kill van Kull; and the tendency 
particle remain the (Figs. 27, 28, 29, and which 
substantiates the conclusion that the southerly resultant flow the 

When velocity data are worked out from float. experiments, cor- 


rection should made for the range tide existing the day 
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observation, order change the observed velocity that which 
would have existed for normal range, discussed under the heading, 
“Effect Tidal Range Velocity,” page 670. 

Calculations were made the theoretical paths which particles 
would take during successive tides, explained page 662. Such 
paths Fig. for particle starting the Hudson River, 
off Grant’s Tomb, flood tide; and Fig. 35, starting off 
Point, the East River, one flood and one ebb tide. The paths 
were worked out the distance traveled particle 
during complete flood ebb period the formula, 


the duration the current, solar hours, both given the Tide 
Tables. The distances traveled both ebb and flood currents were 
thus determined for each mile, and the results arranged proper 
order. The plottings the paths Figs. and were then made 
using the average the results the distances for the 
miles which the particle would pass during the current being consid- 
ered. The path calculated for the Hudson River and Upper Bay, Fig. 
34, agrees closely with that actually traversed float, shown 
Fig. The paths for the East River were longer than the 
distances traversed the each current, which was ex- 
pected, the based the particle remaining the 
swiftest thread. However, Fig. indicates that particle set adrift 
the East River near College Point likely remain the river, 
was the result with float, Fig. 28, which was followed for nearly 
days and never passed farther south than the Brooklyn Bridge, nor 
farther east than Whitestone Point. 


The volume flowing each tidal current ean estimated ac- 
cordance with the principles deduced for caleulating the flow rivers. 
The estimates will approximately correct, and considering the daily 
variations, will sufficiently accurate for all practical purposes. These 
estimates are based the area selected section below the mean 
level the water surface, the mean velocity the current, and the 
time during which the current flows. 

neither simple nor easy matter make gaugings the 
volumes flowing the tidal currents, because the volumes are large, 
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and the measurements would have extend over long periods, 
order average out the daily variations; and they would have 
made stations located closely together interfere with navi- 
gation. For exact results, current velocity measurements would have 
taken many different depths each station. Such measure- 
ments should made nearly coincident each station, and repeated 
short intervals time, because the velocities the threads dif- 
ferent depths may vary, and are subject changes direction which 
are not synchronous, due the reversals the tidal currents. The 
work making actual gauge measurements such large volumes 
flow the East River, the Hudson River, and through The Narrows 
would very costly. 

The volumes the currents passing any selected section during 
tidal interval are not constant, because lunar and seasonal vari- 
ations. The average mean volumes, however, can estimated with 
sufficient for all practical purposes. 

With the exception the East River and the Harlem River, where 
the currents are purely hydraulic, that is, produced difference 
level the water surfaces each end, the main currents are com- 
plicated the discharges the land-waters from the water-sheds 
above. consequence, the ebb currents exceed the flood currents 
volume just the discharges land-water. This true under mean 
conditions, that is, when the ranges consecutive tides are the same. 

Therefore, each tidal flow composed periodic portion due 
the true tidal wave, and portion due the land-water 
discharge. These two portions are mixed into one volume, but, for 
purposes estimate, must kept distinct. will clear, then, 
that the resultant discharge from the harbor the sea will the 
land-water discharges the rivers, and more, except the southerly 
net flow the East River, which, will shown later, not great. 

The rise and fall the tides and the current velocities may as- 
sumed vary according the ordinates sinusoid. Any deviation 
due local. conditions-or irregularities. true tidal 
actions are periodic, and each tide extends over period lunar 
hours (nearly) 6.21 solar hours. 

The Coast and Geodetic Survey has made estimates the 
volumes the tides flowing past selected sections, for each month, 
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4 


SURFACE CURRENT MOVEMENTS DURING SUCCESSIVE TIDES THROUGH THE 


HUDSON RIVER, UPPER AND LOWER NEW YORK BAYS. 


CALCULATED FROM VELOCITIES GIVEN IN TIDE TABLES FOR 1908. 


Mount 


Spuyten Duyvil 


Grants Tomb 


West 42d Street 


The Battery 


The Narrows 


Coney Island Light 


Sandy Hook Beacon 


Scotland 


34. 


Nautical Miles from Scotland Light-ship 
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SURFACE CURRENT MOVEMENTS DURING SUCCESSIVE TIDES THROUGH THE 
EAST RIVER, UPPER AND LOWER NEW YORK BAYS. 


CALCULATED FROM VELOCITIES GIVEN IN TIDE TABLES FOR 1908. 


City 
College Point Starting beginning 
of Ebb Tide 
College Point 
Governors Island 
J 
Coney Island Light 
Sandy Hook Beacon 
Scotland Light-ship 


35. 
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using the monthly mean discharge land-water, and then averaging 
these monthly results for the yearly mean. 

Draw line, Fig. 36, and divide into lunar hours. Draw 
rate flow due the periodic portion. Its value found 
plying the area the section below mean water level the mean 
sectional velocity the current the time strength. The result 
usually given feet per second. The mean sectional velocity 
about 0.75 times the velocity the surface. Distances along 
represent lunar hours and also degrees angles. Thus lunar 
hours and 180 degrees. 

Parallel to, and above, draw line, that the dis- 
tanee between the two will represent the rate flow the non-peri- 
odie portion, the river discharges land-water. 


Angles at 


Let denote the rate flow the portion maximum 
strength, cubic feet per second (or per solar hour) 
denote the rate flow the periodic portion any time, N’, 
after strength, N’, cubic feet per second (or per solar 
hour) 
denote the time after strength, N’, seconds (or solar 
hours) 
denote constant, that equals the number degrees 
the angle between and N’; 
feet per second (or per solar hour); 
denote the number degrees the angle between and 
where equals 
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Then: 


Therefore, 


the cosine which (1) becomes 


For time seconds, 


or, for solar hours, 


therefore, the volume flowing the total flood twice Equation (2). 


After substituting the value for the time seconds, the total 
flood volume 
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The volume flowing the total ebb the flood volume plus the 
run-off for lunar hours. This latter quantity represented the 


The volume flowing the ebb, therefore, is, 


Taking section between Sandy Hook and Coney Island, the value 
1685 812 cu. ft. per sec.,* being the product the mean cross- 
sectional area and 0.75 the average surface velocity. The value 
the rate run-off, variable for each month, but the monthly 
given Table Substituting these values Equations 
(3) and (4), and working out the volumes flood and ebb for each 
month, the mean flood and ebb volumes can estimated averaging 
the monthly results. 

The mean total ebb volume 658 499 000 cu. ft. 
The mean total flood volume 322888000 


section was taken across The Narrows, and Equations (3) and 
(4) were solved for each monthly result; the details are given 
Table this way the flood and ebb volumes for each month 
can ascertained. The mean result for the year has been calculated, 
and the averages for the months are also given. 

The velocities current strength have been taken from Table 
The values have been found adding the resultant flow 
the East River, which about 40000000 cu. ft. per lunar hours 
(page 715), the total the land-water entering the Upper Bay 
above The Narrows, given Table and dividing the sum 
357, the number seconds lunar hours. 

The mean volumes the normal tidal flows past any section can 
estimated closely shorter process: Find the mean height 
the curve, AMB, Fig. 36, for both flood and ebb currents; then multiply 
this average rate flow the area the the duration 
the current time, and the result will the mean the volumes 


From information received from the Coast and Geodetic Survey, January 22d, 1910. 


a 
t 


TABLE 6.—SEcTION THE NARROWS. 
Data: Width 280 ft. 
Average depth ft. 
Area section 322 000 sq. ft. 
Velocity strength, flood 1.8 knots. 


0.75 velocity strength (mean ebb and flood). 

800 000 cu. ft. per sec. 

(1) (3) (4) (6) (7) (8) 

510 799 712 1.5442 216 766 496 950.000 000 961 798 000 

240 799 824 1.5498 710 004 000 000 770 860 000 

700 912 1.4988 481 127 000 000 579 998 000 

740 799 368 1.5818 608 686 000 000 419 150 000 

110 799 576 1.5882 162 759 414 810 000 000 167 350 000 

390 799 808 1.5491 989 772 869 001 000 000 580 000 

720 799 848 1.5511 775 088 000 000 702 870 000 

630 799 808 1.5488 305 996 000 000 788 270 000 

880 799 648 1.5412 727 752 921 000 000 065 400 000 
180 799 696 1.5481 226 755 000 000 991 680 000 
230 799 496 1.5858 856 756 140 762 000 000 262 200 000 


(9) 


Column plus 
Column 
Ebb volume. 


00 
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flowing through the section both ebb and The flood 
volume will the mean, thus found, less the land-water 
discharged during lunar hours; and the ebb volume will the mean 
volume plus one-half the land-water. 

The writer thus estimated the volumes flowing the tidal cur- 
rents past various sections the harbor, investiga- 
tions made the Metropolitan Sewerage re- 
sults agree fairly well with the estimates made the United States 
Coast and Geodetic Survey. 

For comparison, the tidal volumes The Narrows are given 
feet: 


“Ebb. 
(3) and (4). 762 000 000 


Equations (3) and (4), but were based mean velocity strength 
knots, with allowance for any resultant discharge from the 
East River. 

Votumes DISCHARGES. 


The Narrows. 


The section between Fort Wadsworth and Fort Hamilton 280 ft. 
wide, and its average depth below mean water level ft., that 
its area 322000 sq. ft. 

The average velocity the swiftest surface thread during the tidal 
period ebb knots, and flood 1.17 knots, These velocities 
were obtained plotting the results the-float observations the 
Metropolitan Sewerage Commission and drawing smooth curve 
through the points. The areas below these approximate sinusoids were 
then divided their lengths, giving the average velocities. The mean 
the ebb and flood average velocities the swiftest surface thread 
1.255 knots, 631 ft. per solar hour. 

The coefficient reduce the surface velocities cross-sectional 
velocities was taken 0.75. The mean there- 
fore, 5723 ft. per solar hour. Multiplying the area the section 
the mean cross-sectional velocity gives ft. per 
solar hour the mean rate flow through the section. 
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The length time that each current flows was taken lunar 
hours, 6.21 solar hours. The mean volume flowing ebb and flood 
currents 11410000000 cu. obtained multiplying the mean 
rate flow through the section the length time. 

The mean yearly discharge land-water run-off past The Narrows 
for hours 591200000 cu. 1182400000 cu. ft. per 
tidal cycle lunar hours. These figures are from the records 
the Coast and Geodetic Survey and the New York State Engineer 
and Surveyor. See Table 

addition this run-off, there net discharge through the 
East River from the Sound into the Upper Bay which passes out 
through The Narrows. This net discharge about 80000000 ft. 
per tidal cycle, explained page 715. 

The total net discharge, therefore, 1262400000 cu. ft.; and, 
from what has been stated page 708, the average ebb volume 
will approximately the mean given above plus one-half this net 
discharge, and the average flood volume will the mean less one-half 
this net discharge, or: 


Average volume ebb current, 041 200 000 cu. ft. 
Average volume flood current, 10778800000 


Hudson River. 


The section the river opposite West 39th Street, Manhattan, 
900 ft. wide, and its average depth below mean water level 37.44 ft., 
that its area 146 000 sq. ft. 

The average velocity the swiftest surface thread during the 
period ebb 1.86 knots, and flood 1.26 knots. velocities 
were obtained plotting curves from information obtained from the 
Coast and Geodetic Survey and from the Coast Pilot, 
the same manner those for The Narrows. The mean the ebb and 
flood average velocities the swiftest surface thread 1.56 knots, 
485 ft. per solar hour. 

coefficient reduce the surface velocities cross-sectional 
velocities was taken 0.75. The mean cross-sectional velocity, there- 
fore, 7118 ft. per solar hour. Multiplying the area the section 
the mean cross-sectional velocity gives 038 cu. ft. per solar 
hour the mean rate flow through the section. 
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The mean volume flowing ebb and flood currents 447 000 000 
cu. ft., obtained multiplying the rate flow through the section 
the length time, 6.21 solar hours. 

The mean yearly discharge land-water run-off past Battery Place 
for lunar hours 543 cu. ft.; cu. ft. 
lunar hours. These figures are from the records the 
Coast and Geodetic Survey and the New York State Engineer 
and Surveyor. See Table 

From what has been stated page 708, the average ebb flow 
will the mean given above plus one-half this net discharge, and 
the average flood volume will the mean less one-half this net 
discharge, or: 

Average volume ebb current, 990 600000 cu. ft. 


East River. 


The run-off from the areas which naturally drain into the East 
River small compared with the volumes the tidal discharges. 
the-East River strait, the flow subject the actions the sepa- 
rate tidal waves entering each end, Throgs Neck and Governors 
Island. 

The difference water level creates hydraulic flow through the 
strait river. the “westerly and southerly” and the “northerly 
and easterly” hydraulic slopes are equal, there would reason 
expect greater flow one direction than the other. 

sufficient number actual measurements velocity, and ex- 


tending over sufficiently long periods time, have not been made 


determine positively the mean volumes flowing the two tidal cur- 
rents; therefore, the difference between the volumes can only esti- 
mated theoretical reasoning. 

base line drawn and divided into equal spaces, each which 
represents lunar hour, and sinusoid drawn this base line 
represent the rise and fall the water above and below mean water 
level off Willets Point, then each ordinate would represent the surface 
level the water above below mean water level lunar hour. 

second drawn similar manner for the rise and 
spaced the proper interval time relative the Willets Point 
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sinusoid, comparison can made the elevations the water 
surface both ends the strait for every lunar hour. These curves 
are represented Fig. and from study them will noted 
that, from the lunar hours III after the transit the moon, 
the surface the water Willets Point above that Governors 
Tsland, and reverse condition maintained from the lunar hours 
III These two sinusoids form lunes, the ordinates which 
represent the difference the water levels between the ends the 
straits each lunar hour. the centers these lunes are deter- 
mined, will noted that, during the time when the current flow- 
ing from Willets Point Governors Island, the water level 0.74 ft. 
above mean water level. the reverse current, from Governors 
Island Willets Point, the average water level the same distance 
below mean water level. other words, the cross-sectional area the 
stream during the “westerly and southerly” flow would greater than 
during the “northerly and easterly” flow; or, greater flow would 
occur from the Sound the Upper Bay than the reverse direction, 
the velocities were the same each direction. 

Assuming that the average depth the river below mean water 
level ft., then the average depth during the southerly flow would 


0.74 38.74 ft., 


and similar way the average depth during the northerly flow 
would 


0.74 37.26 ft. 

the velocities are the each direction, and the lengths 
time during which the currents flow are equal, then the mean 
volumes flowing southerly current would 

38.74 

37.26 
times the volume flowing northerly flow. other words, the 
southerly discharge the river would be, from this reasoning, about 
greater than the northerly discharge. 

If, different sections the river between Willets Point and the 
Battery, sinusoids are drawn represent the surface the water 
above and below mean water level, and these diagrams the northerly 
and southerly currents are marked, and the average water levels are 
determined for each current; will found that the cross-sectional 


1.04 


TIDAL PHENOMENA NEW YORK HARBOR [Papers. 


area the river greater the southerly current for those sections 
Point and some place about 60th Street; but for 
the sections between the Battery and about 60th Street, the reverse 
condition obtains. From this would seem the southerly flow 
did not exceed the northerly flow the quantity which would 
expected from the difference water level each end the strait. 

Observations made the Coast and Geodetic Survey indi- 
that, generally speaking, the current having the larger section 
has the smaller velocity, and vice versa, thus leaving the question 
the quantity net discharge uncertain. 

Henry gives, the result some his observations, the 
volumes passing through section opposite Wall Street, 4341 100 000 
cu. ft. flood and 500 000 cu. ft. ebb, difference only 
favor the southerly flow. 

The Coast Survey’s observations for sections between Wallabout 
Bay and the southern extremity Blackwells Island that 
the flood volume quite great that the ebb. These observa- 
tions covered work done stations. The Survey’s observations 
between Blackwells Island Light and Throgs Neck, taken sta-. 
tions, that the easterly current decidedly stronger than the 
westerly, but that the average cross-sectional area the currents 
greater the westerly flow. Thus thé westerly net discharge cannot 
great, figures would indicate small net discharge easterly 
into the Sound. 

The Survey’s observations around Blackwells Island, taken alone, 
small southerly discharge, the west-and-south-going 
volume being about greater than the north-and-east-going volume. 
Blackwells Island about midway between the ends the strait, 
and the stream well defined this point, these observations seem 
important deciding the question whether there not 
net westerly and southerly discharge, 

Although Henry Mitchell stress the difference 
sectional areas, which; Hell nearly 8%, and thus 
reasons that. the westerly much greater than 
the easterly discharge, the theoretical state the conditions indicates 


*Report the Coast and Geodetic Survey. 1871, 131. 
Coast.and Geodetic Survey, Letter February 6th, 1909. 
U.S. Coast and Geodetic Survey, February 6th, 1909. 
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that the volume flowing the currents will not vary directly the 
cross-sections the two streams Hell Gate. This true, because, 
the smaller the section the Gate, the greater must the velocity 
that point, the length through the Gate small fraction the 
lengths the other reaches the river. This result can shown 


Bernoulli’s theorem applied strait, which becomes, when friction 
taken into aceount,* 


the Gate and beyond, above half-tide level; friction factor 
the wetted the area the section, and the length 
the channel. The subscript, refers the Gate, and subscripts 2,3 
etc., refer other portions the channel. The resistance, expressed 
the denominator, increases the cross-section the Gate, in- 


creases, the other sections, etc., remaining the same. The velocity 
then would vary inversely Because the other sections, 


not remain the same for both streams, the real velocity will vary less 
than changes 


Taking imto account the thus briefly for the 
whole length the river, probable that the volume trans- 
mitted westerly can not more than one cent. greater than 
the volume transmitted easterly.”+ 

the yolume flowing each tidal about 000 000. 
cu. ft., the resultant flow from the the Upper Bay 
would be, ft. per tidal 

East River Brooklyn section. of, the river 

and its depth below. mean. water 
level 44.20 ft., that its area 300 sq. ft. 

The average velocity. the surface thread during the 
period 2.42 knots, and flood 2.22 knots, These velocities 
were obtained plotting, the float observations 
Metropolitan Sewerage Commission, as. those for 
The Narrows. The mean the ebb and flood average velocities the 
swiftest surface thread 2:32 knots, ft. per solar hour. 


See Appendix 
Letter, Coast and Geodetic August 14th, 1908. 
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The coefficient reduce the surface velocities cross-sectional 
velocities was taken 0.75, the same for The Narrows and Hudson 
River. The mean cross-sectional velocity, therefore, 504 ft. per 
solar hour. the area the section the mean cross- 
sectional velocity gives 696500000 cu. ft. the mean rate flow 
through the section. 

The mean volume flowing ebb and flood currents 000 
cu. ft., obtained multiplying the rate flow through the section 
the length time, 6.21 solar hours. 

page 715 shown that there net discharge through the 
East River from the Sound into the Upper Bay, and that about 
000 000 cu. ft. per tidal cycle. This figure includes the mean yearly 
discharge land-water run-off, which amounts about 400000 
ft. per tidal cycle lunar hours. From been stated 
page 708, the average ebb flow will the mean given above plus one- 
half this net. discharge, and the average flood volume will 
mean less one-half this net discharge, or: 


Average volume ebb current, cu. ft. 
Average volume flood current, 4290000000 


East River off 11th section the river off East 11th 
Street, Manhattan, ft. wide and its average depth below mean 
water level 36.13 ft., that its area sq. ft. 

The average velocity the swiftest surface thread during the 
tidal period ebb 1.91 knots, and flood 1.85 knots. These veloci- 
ties were obtained plotting the results the float observations 
the Metropolitan Sewerage Commission, the same manner those 
for The Narrows. The mean the ebb and flood average 
the swiftest surface thread 1.88 knots, ft. per solar hour. 

The coefficient reduce the surface velocities 
velocities was taken 0.75, the same for The Narrows and Hudson 
River. The mean cross-sectional velocity, therefore, 8572 ft. per 
solar hour. Multiplying the area the section the mean cross- 
sectional velocity gives 692 200 000 cu. ft. per solar hour, the mean 
rate flow through the section. 

The mean volume flowing ebb and flood currents 000 000 
cu. ft., obtained multiplying the rate flow through the section 
the length time, 6.21 solar hours. 


its 
dat 


q 
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shown 715, the net discharge toward the Upper Bay 
about cu. ft. per The average volumes 
ebb and flood currents were obtained the same manner those for 
the East River Brooklyn Bridge. 


Average volume ebb current, cu. ft. 
Average volume flood current, 4259000000 


East River off section the river off East 31st 
Street, Manhattan, 180 ft. wide, and its average depth below mean 
water level 39.07 ft., that its area 124 250 sq. ft. 

The average velocity the swiftest surface thread during the 
tidal period ebb 1.13 knots, and flood 1.29 knots. These veloci- 
ties were obtained averaging number observations, made near 
this section the Geodetic Survey, the surface 
velocities strength. was assumed that the velocities vary 
ordinates sinusoid, and the were obtained 


multiplying the velocities strength 


The mean the ebb and flood average velocities the swiftest 
surface thread 1.21 knots, ft. per solar hour. 

The coefficient reduce the surface .velocities cross-sectional 
velocities was taken 0.75, the same for The Narrows, Hudson 
River, and the other sections the East River. The mean cross- 
sectional velocity, therefore, 5518 ft. per solar hour. Multiplying 
the area the section the mean cross-sectional velocity gives 
685 cu. ft. the mean rate flow through the 

The mean volume flowing ebb and flood currents 000 
cu. ft. obtained multiplying the rate flow through the 
the length time, 6.21 solar hours. 

shown page 715, the net discharge toward the Upper Bay 
about 80000000 cu. ft. per tidal The average volumes ebb 
and flood currents were obtained the same manner those for the 
East River Brooklyn Bridge. 


Average volume ebb current, 4298 cu. ft. 
Average volume current, 4218000000 


East River off 81st Street.*—The west channel 800 ft. wide, and 
its average depth below mean water level ft., that its area 


*The data for this estimate are from letter the Coast and Geodetic Survey 
dated August 14th, 1908. 
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200 sq. ft. Similar figures for the east channel, little southward 
from Graham Avenue are 600, 26.5 and respectively. the 
former section the maximum surface velocity 4.9 knots and the 
latter 4.0 knots, according observations made 1857 and 1874. 
Multiplying these velocities 0.75 reduce them cross-sectional 


velocities time strength, and reduce them mean cross- 


sectional velocities during each tide, and the area the section, the 
following volumes were obtained: 
756 295 600 cu. ft. passing western section. 


The sum these two volumes 902 981515 cu. ft., which the 
mean volume flowing ebb and flood eurrents. Dividing this figure 
into. the average volume flowing ebb and flood, the same 
manner for the East River off Brooklyn Bridge, the following figures 
were obtained: 

Average volume ebb current, 943 000 000 cu. ft. 
Average volume flood current, 863000000 


East River off Old Ferry Point.—The section the river off Old 
Ferry Point 000 ft. wide, and its average depth below mean water 
level 43.88 ft., that its area 131 650 sq. ft. 

The average velocity the swiftest surface thread during the 
tidal period ebb 0.88 knot, and flood 1.09 knots. These veloci- 
ties were obtained averaging number observations the surface 
velocities strength this point, made the Coast and 
Geodetic Survey. Assuming that the velocities vary the ordinates 
sinusoid, the average surface velocity strength was multiplied 


obtain the average velocity the swiftest surface thread. 


The mean the ebb and flood average velocities the swiftest surface 
thread 0.985 knot 989 ft. per solar hour. 

The coefficient reduce the surface velocity cross-sectional ve- 
locity was taken 0.75, the same for The Narrows, Hudson River, 
and the other sections the East River. The mean cross-sectional 
velocity, therefore, 4491 ft. per solar hour. Multiplying the area 
the section the mean cross-sectional velocity gives 591300 000 
cu. ft. the mean rate flow through the section. 
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The mean volume flowing ebb and flood currents 672 000 000 
cu. ft., obtained multiplying the rate flow through the section 
the length time, 6.21 solar hours. 

shown page 715, the net discharge toward the Upper Bay 
about cu. ft. per tidal cycle. The average volumes: 
and flood currents were obtained the same manner those for the 
East River Brooklyn Bridge. 


Average volume ebb current (westerly), 000 000 cu. ft. 
Average volume flood current (easterly), 3632000000 


Reason for the Volumes Flow Diminishing from the Southerly End 
the Easterly End the East River. 


The average volumes flow for the ebb and flood currents differ- 
ent sections the East River, cubic feet, are 


Ebb. Flood. 
Off Brooklyn Bridge.......... 370 000 000 290 000 000 
Off East 11th Street.......... 
Off East 31st Street.......... 4298000000 
Off East Street.......... 000 000 


Off Old Ferry Point.......... 632 000 000 


will seen from this statement that the volumes flow de- 
crease from the southerly end the easterly end the river. reason 
for this decrease was sought, with the following result: 

Fig. curves are drawn for each lunar hour, with distances 
abscissas and velocities ordinates, flood velocities being plotted 
above, and ebb velocities below, the datum lines. Another curve 
plotted the right showing the average elevation the water the 
East River for each lunar hour. This latter curve cross-hatched 
for the times when the water rising, and left blank when falling. 

will noted that, during the lunar hours when the average 
level the water rising, practically for the entire length the 
river, the current flowing flood (north and east). order that the 
level the water may rise, necessary for more water flow 
the Battery than flows out Throgs Neck, order make 
this rise. the same way, for the lunar hours when the average 
elevation the water falling, the current ebb (flowing west and 
south) for practically the entire length the stream. 
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order that the elevation the water may fall, mecessary 
that greater quantity should flow out the river the Battery 
than flows Throgs 

discussing this subject, must kept that the 
velocities the currents are due the heads produced the varying 
slopes, the rise and fall water are 
the progress the tidal waves entering the East River from each end. 

The advance the tidal waves retarded the shallowness the 
waters and the natural obstructions. The tidal wave entering the 
East River Governors Island about hours, min. ahead the 
wave entering Throgs Neck. these waves progress through the 
river opposite directions, there superposition and consequent 
interference. This interference and the natural obstructions the 
river have the effect making the wave vary from true sinusoid. 

the Governors Island wave enters the river before the Throgs 
Neck wave, greater quantities water have flow past points 
the lower reaches the river than points farther (northerly and 
easterly) as.to provide for the tidal prism, for, not, there would 
some the river (near its mid-length) where the water would 


not rise fall. 
Kill van Kull. 


Kill.van Kull off Port Richmond.—The section the river off Port 
Richmond 1380 ft. and its average depth below mean water 
level 28.30 ft., that its area 060 ft. 

The average velocity the swiftest surface thread during the 
ebb 1.48 knots, and flood 1.24 knots. These 
obtained plotting the results from the float observa- 
tions the Metropolitan Sewerage Commission, the same manner 
those Narrows. The mean the ebb and flood average 
velocities the swiftest surface thread 1.36 knots, 269 ft. per 
solar hour. 

The coefficient reduce the surface velocity cross-sectional 
velocity was taken 0.75, the same for The Narrows, Hudson 
River, and East River. The mean velocity, therefore, is, 
ft. per solar hour. Multiplying the area the section the 


velocity gives 242200000 cu. ft., the mean 


rate flow through the section. 
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The mean volume flowing ebb and flood currents 502 000 000 
cu. ft., obtained multiplying the rate flow through the section 
the length time, 6.21 solar hours. 

The mean yearly discharge land-water run-off through Kill van 
Kull for lunar hours cu. ft., 200000 cu. ft. per 
tidal cycle lunar hours. These figures are from the records 
the Coast and Geodetic Survey and the New York State Engineer 
and Surveyor. See Table 


From what has been stated page 708, the average ebb volume 
will the mean given above plus one-half this net discharge, and 


the average flood volume will the mean less one-half this net 
discharge, or: 


Average volume ebb current, 1546100000 cu. ft. 
Average volume flood current, 1457900000 


Kull Between Constable Point and New Brighton.*—The 
section 1425 ft. wide, and its average depth below mean water level 
ft., that its area 38475 sq. ft. The maximum surface 
velocity for this section 2.3 knots time strength, according 
observations made 1856 and 1885. Multiplying these velocities 
0.75 reduce them cross-sectional velocities time strength, and 


reduce them mean cross-sectional velocities during each 


tide, and the area the section, the mean volume flowing through 
the section was obtained, namely, 1595 475 341 cu. ft. 

check this figure, the Coast and Geodetic Survey* 
made the following The area the waters above this 
section, including most Kill van Kull, Newark Bay, the Passaic 
River far the Falls, and the Hackensack River and branches, 
15.3 sq. statute miles, 426539520 sq. ft. The level Newark 
Bay and near-by branches rises and falls about 4.5 ft. The tidal 
volume, therefore, 426 539 520 4.5 1919 427 840 cu. ft. 

few observations the Arthur Kill off Elizabethport, just above 
the mouth the Elizabeth River, 1856 and 1885, indicate maxi- 


mum surface velocity 1.8 knots, the value observed the 


*These calculations are from letter the Coast and Geodetic Survey, dated 
August 14th, 1908. 
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Kill van Kull. section the Arthur Kill about 
sq. ft., which would equivalent 600, 513 sq. ft., 


the velocity were 2.3 knots, instead 1.8 knots. Hence, the propor- 


tion the volume flowing through the mouth the Kill van Kull 
would 475 


This proportion, multiplied gives 
605 853 409 cu. ft. for the mean volume entering and leaving Kill van 
Kull. This agrees well with the results from the determination first 
given. 

Averaging the two figures given the Coast and Geodetic 
Survey for the flow water through Kill van Kull between Constable 
Point and New Brighton, 600 000 000 cu. ft. obtained the mean 
volume flowing ebb and flood currents. This figure was divided 
into volumes flowing ebb current and flood current the 
ner for Kill van Kull off Port Richmond, using 200000 cu. ft. 
per tidal cycle for the mean yearly discharge land-water run-off. 


Average volume ebb current, 1644100000 cu. ft. 
Average volume flood current, 1555900000 


0.8366313.* 


The tidal prism (or the area multiplied the mean range tide) 
between the section off Port Richmond and the section from Constable 
Point New Brighton about cu. ft. 

The mean volume flowing through the section off Port Richmond 
would less than the quantity flowing past the section Constable 
Point the tidal prism between these two places, that much water 
would used increasing the level the water. Subtracting the 
tidal prism from the flow through the section, 1600000000 
100 000 000 1500000000 cu. ft. This figure agrees well with the 
mean volume flowing ebb and flood currents, 502 000 000, calcu- 
lated for Kill van Kull, off Port Richmond, stated page 722. 


Harlem River. 
Harlem River off 144th section the river off West 
144th Street, Manhattan, 460 ft. wide and its average depth below 
mean water level 15.67 ft., that its area sq. ft. 


proportion flowing through the Arthur Kill would 
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The average velocity the swiftest surface thread during the tidal 
period ebb 0.71 knot, and flood 0.69 knot. These velocities 
were obtained plotiing the results the float observations the 
Metropolitan Sewerage Commission, the same manner those for 
The Narrows. The mean the flood average velocities the 
swiftest surface thread 0.70 knot, ft. per solar hour. 

The coefficient reduce the surface velocities cross-sectional 
velocities was taken 0.75, the same for The Narrows, Hudson 
River, East River, and Kill van Kull. The mean cross-sectional 
velocity, therefore, 3192 ft. per solar hour. the area 
the section the mean cross-sectional velocity gives 
cu. ft. the mean rate flow through the section. 

The mean volume flowing ebb and flood currents 142 900 000 
cu. ft., obtained multiplying the rate flow through the section 
the length time, 6.21 solar hours. 

144th Street the average water level during ebb (northerly) cur- 
rent 0.98 ft. above mean water level, and during flood. (southerly) 
current 0.98 ft. below mean water level. The average area cross- 
section during ebb current, therefore, the mean area the section 
plus the width multiplied 0.98, 660 sq. ft.; and the average area 
cross-section during flood current the mean area the section 
minus the width multiplied 0.98, sq. ft. The mean volume 
flowing ebb and flood was divided proportion the average area 
cross-sections the ebb current and the flood current. 


Average volume ebb current, 151800000 cu. ft. 
Average volume flood current, 134000000 


Harlem River 600 Feet North High section the 
river 600 ft. north High Bridge 410 ft. wide, and average 
depth below mean water level 11.71 ft., that its area ft. 

The average velocity the swiftest surface thread during the tidal 
period ebb 1.30 knots, and flood 1.22 knots. These velocities 
were obtained plotting the results the float observations the 
Metropolitan Sewerage Commission, the same manner those for 
The Narrows. The mean the ebb and flood average velocities 
the thread 1.26 knots, 661 ft. per solar hour. 

The coefficient reduce the surface velocities cross-sectional 
velocities 0.75, the same for The Narrows, Hudson 
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River, East River, and Kill van The mean cross-sectional 
velocity, therefore, ft. per solar hour. Multiplying the area 
the section the mean cross-sectional velocity gives 580 000 
cu. ft. the mean rate flow through the section. 

The mean volume flowing ebb and flood currents 171 200 000 
cu. ft., obtained multiplying the rate flow through the section 
the length time, 6.21 solar hours. 

this average water level during ebb (northerly) cur- 
rent 0.58 mean water level, and during flood (southerly) 
current 0.58 ft. below mean water level. The average area cross- 
section during ebb current, therefore, the mean area the section 
plus the width multiplied 0.58, 5040 sq. ft.; and the average 
area during flood current the mean area the 
section minus the width multiplied 0.58, sq. The mean 
volume flowing flood and ebb was divided proportion the 
average cross-sections the ebb current and the flood 

Average volume ebb current, 179 ft. 
Average volume flood current, 162 600000 


Reason for the Volumes Flow Diminishing from the Northerly 
End the Southerly End the Harlem River. 

Although was not possible calculate accurately the flow 
water the Harlem River places other than 144th Street and 600 ft. 
north High Bridge, because enough float observations were not made 
other points, apparent that the quantity water flowing past 
any section decreases from the northerly the southerly end. 

The float observations the Metropolitan Sewerage Commission 
near Wards Island, the Harlem River, show small velocities and 
tendency the floats eddy and drift toward 

The few float observations the Harlem River near Spuyten 
Duyvil show velocities considerably greater than the southerly 

Fig. was made show why the volumes flow diminish from 
the northerly the southerly end. This diagram similar con- 
struction Fig. for the East River. The distance from Spuyten 
Duyvil Wards Island laid off for the lunar hours abscissas and 
the velocities ordinates. The flood velocities, those flowing south, 
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The mean volume flowing ebb and flood currents 502 000 000 
cu. ft., obtained multiplying the rate flow through the section 
the length time, 6.21 solar hours. 

The mean yearly discharge land-water run-off through Kill van 
Kull for lunar hours 44100000 eu. ft. per 
tidal cycle lunar hours. These figures are from the records 
the Coast and Geodetic Survey and the New York State Engineer 
and Surveyor. See Table 

From what has been stated page 708, the average ebb 
will the mean given above plus one-half this net discharge, and 


the average flood volume will the mean less one-half this net 


Average volume ebb current, 1546100000 cu. ft. 


Average volume flood current, 1457900000 


Kill van Kull Between Constable Point and New 
1425 ft. wide, and its average depth below mean water level 
that its area 38475 sq. ft. The maximum 
velocity for this section 2.3 


knots time strength, according 
observations made 1856 and 1885. Multiplying these velocities 


0.75 them cross-sectional velocities time and 


reduce them mean cross-sectional 


velocities during each 


ide, and the area the section, the mean volume flowing through 
the section was obtained, namely, 1595 475 341 ft. 
A a 


check this figure, the Coast and Geodetic Survey* 
made the following The area the waters above this 
section, including most Kill van Kull, Newark Bay, the Passaic 
River far the Falls, and the Hackensack River and branches, 
15.3 sq. statute miles, 426539520 sq. ft. The level Newark 
Bay and near-by branches rises and falls about 4.5 ft. The tidal 
volume, therefore, 4.5 427 840 ft. 


few observations the Arthur Kill off Elizabethport, just above 


the mouth the Elizabeth River, 1856 and 1885, 


the value observed the 


mum surface velocity 1.8 knots, 


* These calculations are from a letter of the U.S. Coast and Geodetie Survey. dated 
August 14th, 1908 


discharge, or: 
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Kill van Kull. The section the Arthur Kill about 600 


sq. ft., which would equivalent 600, 513 sq. ft., 
20 


the velocity were 2.3 knots, instead 1.8 knots. Hence, the propor- 
tion the volume flowing through the mouth the Kill van Kull 
would be 


475 


This proportion, 0.8366313, multiplied 1919427840, gives 
605 853 409 cu. ft. for the mean volume entering and leaving Kill van 
Kull. This agrees well with the results from the determination first 
given. 

Averaging the two figures given the Coast and Geodetic 
Survey for the flow water through Kill van Kull between Constable 
Point and New Brighton, ft. obtained the mean 
volume flowing ebb and flood This figure was divided 
into volumes flowing ebb current and flood current the same man- 
ner for Kill van Kull off Port Richmond, using 200000: eu. ft. 
per tidal for the mean yearly discharge land-water run-off. 

Average volume ebb current, cu. ft. 


Average volume flood current, 


The tidal prism (or the area multiplied the mean range tide) 
between the section off Port Richmond and the section from Constable 
Point New Brighton about cu. ft. 

The mean volume. flowing through the section off Port Richmond 
would less than the quantity flowing past the section Constable 
Point the tidal prism between these two places, that much water 
would used increasing the level the water. Subtracting the 
tidal prism from the flow through the section, 
100 000 000 eu. ft. 


This figure agrees well with the 
mean volume flowing ebb and flood currents, 000 
lated for van Kull, off Port Richmond, stated page 722. 


Harlem River. 


Harlem River off 144th section the river off West 


144th Street, Manhattan, 460 ft. wide and its average depth below 


mean water level 15.67 ft., that its area sq. ft. 


*The proportion flowing through the Arthur Kill would 0.1633687 
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The average velocity the swiftest surface thread during the tidal 
period ebb 0.71 knot, and flood 0.69 knot. These velocities 
were obtained the results the float observations the 
Metropolitan Sewerage Commission, the same manner those for 
The Narrows. The mean the ebb and flood average velocities the 
swiftest surface thread 0.70 knot, 256 ft. per solar hour. 

The coefficient reduce the surface velocities cross-sectional 
velocities was taken 0.75, the same for The Narrows, Hudson 
River, East River, and Kill van Kull. The 


mean cross-sectional 
velocity, therefore, 3192 ft. per solar hour. 


Multiplying the area 
the section the mean velocity gives 
cu. ft. the mean rate flow through the section. 

The mean volume flowing ebb and flood currents 142 900 000 


cu. ft., obtained multiplying the rate flow through the section 
the length time, 6.21 solar hours. 

144th Street the average water level during ebb (northerly) cur- 
rent 0.98 ft. above mean water level, and during flood (southerly) 
current 0.98 ft. below mean water level. 


The average area cross- 
section during 


ebb current, therefore, the mean area the section 
plus the width multiplied 0.98, 660 sq. ft.; and the average area 
cross-section during flood current the mean area the section 


minus the width multiplied 0.98, 760 sq. ft. The mean volume 


flowing ebb and flood was divided proportion the average area 
cross-sections the ebb current and the flood current. 


Average volume ebb current, 151800000 ft. 
Average volume flood current, 134000000 


Harlem River 600 Feet North High Bridge.—The section the 
river 600 ft. north High Bridge 410 ft. wide, and its average 
depth below mean water level 11.71 ft., that its area sq. ft. 

The average velocity the swiftest surface thread during the tidal 
period ebb 1.30 knots, and flood 1.22 knots. These velocities 
were obtained plotting the results the float observations the 
Metropolitan Sewerage Commission, the same manner those for 
The Narrows. The mean the ebb and flood average velocities 
the swiftest surface thread 1.26 knots, 661 ft. per solar hour. 

The coefficient reduce the surface velocities cross-sectional 


velocities was taken 0.75, the same for The Narrows, Hudson 
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River, East River, and Kill van Kull. The mean cross-sectional 
velocity, therefore, ft. per solar hour. Multiplying the area 
the section the mean cross-sectional velocity gives 
cu. ft. the mean rate flow through the section. 

The mean volume flowing ebb and flood currents 171 200 000 
cu. ft., obtained multiplying the rate flow through the section 
the length time, 6.21 solar hours. 

this section the average water level during ebb (northerly) cur- 
rent 0.58 ft. above mean water level, and during flood (southerly) 
current 0.58 ft. below mean water level. The average area cross- 
section during ebb current, therefore, the mean area the section 
plus the width multiplied 0.58, 5040 sq. ft.; and the average 
area cross-section during flood current the mean area the 
section minus the width multiplied 0.58, 4560 sq. ft. The mean 
volume flowing flood and ebb was divided proportion the 
average area cross-sections the ebb current and the flood 
current. 

Average volume ebb current, 179 800000 cu. ft. 
Average volume flood current, 162600000 


Reason for the Volumes Flow Diminishing from the Northerly 
End the Southerly End the Harlem River. 


Although was not possible caleulate accurately the flow 
water the Harlem River places other than 144th Street and 600 ft. 
north High Bridge, because enough float observations were not made 
other points, apparent that the quantity water flowing past 
any section decreases from the northerly the southerly end. 

The float observations the Metropolitan Sewerage Commission 
near Wards Island, the Harlem River, show small velocities and 
tendency the floats eddy and drift toward the shore. 

The few float observations the Harlem River near Spuyten 
Duyvil show velocities considerably greater than those the southerly 
end. 

Fig. was made show why the volumes flow diminish from 
the northerly the southerly end. This diagram similar con- 
struction Fig. for the East River. The distance from Spuyten 
Duyvil Wards Island laid off for the lunar hours abscissas and 


the velocities ordinates. The flood velocities, those flowing south, 
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are laid off scale below the datum lines, and the ebb velocities, 
those flowing north, are laid off above the datum lines. 

drawn the left show the average elevation the 
water the Harlem River each lunar hour. This 


for the times when the water rising, and left blank when 
falling: 


will that, during the lunar hours when the average 
level the rising, the current flowing flood for the entire 
length the river. order that the level the water may rise, 
necessary that greater should flow through Spuyten 
Duyvil than flows out Wards make this increase 


a 


the same way, for the lunar how during which the average 


elevation. 


level the water falling, the current ebb for the entire 
length the river. order that the level the water may fall, 
necessary that more water flow out through Spuyten Duyvil than 
flows Wards Island. the same quantities pass Wards 
Island and Spuyten Duyvil during these lunar the average 
elevation the water the river would not fall, 


practically constant. The converse also true. the reason 
that the volumes flow diminish from the northerly southerly 
end the Harlem River. 


The volumes flowing ebb currents exceed those flowing 
currents, that there resultant flow during each tid! period 
through the harbor toward the sea. 


» pivere discharoing » har 
the rivers discharging into the harbor, the mean 


equals the mean fresh-water run-off from the water-sheds above. 
the ranges (rise and fall) two successive tides are equal, 


equal the fresh-water run-off must flow out and not 


keep the elevation the water the same the next tide. 
ranges change from tide tide, this will not true each 


but will true under mean conditions. 
The following resultant flows are true only for mean 


> 


the 


this is, when the range tide normal and the mean quantity 
land-water run-off flowing. They are the difference between 


flood and ebb discharges, shown the preceding paragraphs. 
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EAST RIVER. 
DIAGRAM SHOWING WHY THE VOLUMES FLOW DIMINISH 
FROM THE SOUTHERLY END THE EASTERLY END. 
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The Narrows.—The resultant flow through The Narrows made 
the resultant flows the Hudson River, the East River, and the 
Kill van Kull. amounts 400 000 cu. ft. per tidal cycle. 

Hudson River.—The resultant flow the Hudson River the fresh- 
water run-off from the water-sheds above, namely, 087 cu. ft. 
per tidal cycle. 

East resultant flow the East River small, and 
probably the average cross-sectional area being slightly 
greater when the water flowing ebb (south) than when flowing 
flood (north). shown page 715, the resultant flow (south) 
amounts about 000 cu. ft. per tidal cycle. 

The van resultant flow the Kill van Kull 
made its proportionate share the fresh-water run-off the 
rivers Newark Bay. proportionate share meant 
83.66313% the total. The other 16.33687% flows out through the 

TABLE TIDAL 
olumes Ebb and Flood Currents, 


No. Elements Problem. 
(2) |Average depth below M. W. Level, in feet..... 61.0 37.44 | 44.20 
(3) |Area of section, in square feet..............++- 822 000 146 000 | 66300 
(4) |Average, velocity of swiftest surface thread: | } 
(5) |Average, velocity swiftest surface thread: 
1.17 1.26 | 2,22 
(6) |Average, velocity swiftest thread: 
(7) Average, velocity swiftest surface thread: 
(9) Mean cross-sectional velocity, feet per solar 
(10) Mean rate of flow through section, in millions 
of cubic feet per solar hour (3)  (9).. 1 837 1 038 696.5 
(11) Number of solar hours in 6 lunar hours.. 6.21 6.21 6.21 
(12) Mean volume flowing on ebb and flood cur- 
rents, in millions of cubic feet (10) x (11). 11 410 6 447 4 330 
(18) yearly discharge land-water run- 
Resultant from East River, million 
Average volume flowing through section, in 
millions cubic feet per tide 
(14) 12 041.2 6 990.6 4 370 
(16) Resultant flow, excess ebb over 


—— 
‘ 
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Arthur Kill (page 722). The resultant flow through the Kill van 
Kull amounts 200 000 cu. ft. per tidal cycle. 

Harlem resultant flow the Harlem River probably 
due the greater average cross-sectional area which obtains the 
ebb (northerly flow) than when the flow the reverse direction. 
Caleulations gave cu. ft. off 144th Street, and 
cu. ft. section 600 ft. north High Bridge. The mean resultant 
flow throughout the length the river about cu. ft. per 
tidal cycle. 

Under conditions maximum net outflow toward the sea, the re- 
sultant flow little more than twice that under normal conditions. 
Under conditions minimum net outflow, the resultant flow about 
one-half that under normal conditions. 

Table are given the various steps which the ebb and flood 
discharges, and the resultant flows, were This table 
DISCHARGES, CUBIC FEET. 
Harbor New York. 


| 
| 
| 
| 


86. 13 | 89 07 | x 43.88 28.30 26 15.67 | 11 Bs | 
on | 
| os | 
op | Se 
~ DR 
ty 
8 572 5 518 4491 6 3 192 5 746 
692.2 685 .6 591.% 242.2 53 23.01 27.58 
6.2 6.21 6.21 6.21 wl 6.21 6.21 
4 299 4 258 8 908 83 672 1 502 1 600 142.9 ' 171.2 
Dividing (12) pro 
44.1 rata average 
areas during 
| gives (14) and (15). 
| 
4 259 4 218 | 3 863 3 632 1 457.9 | 1555.9 | 134.0 162.6 
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summary the matter contained under the heading, “Volumes 
Tidal Discharges,” pages 710 723. 

self-evident that, under the conditions which obtain for the 
East and Harlem Rivers, especially the former, there may great 
variations from day day the resultant flow given the pre- 
ceding paragraphs. possible that the East River the resultant 
flow some days may many times greater than that stated for the 
normal, and other days possible that the opposite 
tion, northerly and easterly. These variations are brought about 
various causes, the principal one being the wind inducing abnormal 
tides the Upper Bay and Long Island Sound. 


Taking the Upper Bay central basin, the entrances and exits 
are the East River, Hudson River, Kill van Kull, and The Narrows. 
Into the Upper Bay there discharge water from the Hudson 
and proportion the discharge the Hackensack and Passaic 
Rivers, well the resultant flow from the Sound through the East 
River. This resultant flow through the East River toward the Upper 
may may not great, but, under normal conditions, there 
small resultant discharge into the Bay. consequence, there 
net flow water seaward through The Narrows, and the effect this 
seaward flow felt possibly some miles off Sandy Hook.* 

While the water flowing into and out the Upper Bay during 
full tidal the volume water the Upper Bay changing, 
shown the rise and fall its water surface. order 
ate this rise, more water must flow into the Upper Bay during approxi- 
mately lunar hours than runs out during the same hours. The con- 
verse also true. the water surface the Upper Bay nearly 
sq. miles, and the mean range tide 4.4 ft., the tidal prism and 
also the volume tidal change between any two periods time can 
estimated. 

The rates volumes flow, millions cubie feet per lunar 
hour, are shown graphically Fig. determine the volumes 
flow through any one the entrances the Upper Bay any given 


lunar hour, measure the ordinate the proper curve accordance 


Coast and Geodetic Survey, Vol. VII, 1859-60, Appendix 26. 


Papers. TIDAL PHENOMENA NEW YORK HARBOR 


with the marked the side the figure. These rates flow 


are those under mean conditions, and are sufficiently accurate for all 
practical purposes. 

Fig. was constructed estimating that the rates flow vary 
the ordinates curve sines. Therefore, for each tidal flow, 
sine curve was drawn that its length would represent the 
number lunar hours that the current would flow either ebb 


flood; and its area, between the curve and the base line, would repre- 


. 
sent the volumes flow transmitted, estimated under the heading, 


“Volumes Tidal Discharges,” page 710. Dividing any volume 


tidal discharge six will give the average flow for one lunar hour. 


Multiplying this result which the ratio that the maxi- 
mum ordinate sine curve bears its average ordinate, will give 
the maximuni flow for the current selected. This point was plotted 
scale, and sine curve was drawn through it. 


peated for each branch the harbor. 


This work was re- 


drawing the Fig. the lunar times were advanced 
the number minutes that the tidal waves required progress from 
the Upper Bay the sections selected for estimating the volumes 
flow. 

The rates flow, millions cubic feet per lunar hour, were 
and the results are given Table for each branch the 
harbor. The results for each lunar hour were obtained multiplying 
the maximum flow for the current selected, determined previously, 
the cosine the angle, which represents degrees the difference 
between the lunar time maximum strength and the lunar time for 
which the was made. 


way illustration, the for the first lunar hour 
given Table 


The figures Table are the calculated rates flow each 


lunar hour. The rates flow are not the volumes flowing throughout 


full lunar hour, although they approximate the latter. conse- 


quence, the columns add only approximately the ebb 
discharges, given the preceding paragraphs. 
The quantity water flowing any lunar hour should equal 
that flowing out, when allowance made for the tidal prism 
the Upper Bay. The the work shown taking 


the algebraic sum the ordinates Fig. which should zero, 


~ 
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adding the horizontal lines each lunar hour Table which 
should give equal quantities water flowing into and out the Upper 
Bay. The error small, considering the assumptions made, view 
the lack actual current observations extending over long periods 


time. 
TABLE 8.—For Lunar 
(1) (2) (3) (4) (5) (7) (8) 
| 
4 Bay | 8 246 
Column the minus sign indicates that the water flowing out of, and the plus 


PER Lunar 


WATER IN 


Rives Upper Bay. 


| 
| 
| 
| 


| 
Sign that it is flowing into, the Upper 
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The salinity the water different parts the harbor was 
observed the Metropolitan Sewerage Commission from September, 
1908, until December, 1909, inclusive. Eleven observation stations were 
established, shown Fig. each station observers were trained 
during the last months 1908, and complete record was made for 
every day the year, 1909. Samples water were taken each day 
three different times, usually 8.00 m., 12.00 Noon, and 4.00 

The term “land-water,” used this investigation, represents 
any water between fresh-water and water containing approximately 
300 parts chlorine per 1000000 parts. Between these limits the 
observers would record the water being 100% land-water. The 
standard for “sea-water” was water containing salinity 000 
parts chlorine per parts, assuming that the chlorides repre- 
sent 88.6% the total gravity sea-water. Under this con- 
dition, the salinometer reading would 1.025 when corrected 
standard temperature 60° Fahr. 

The instruments were all calibrated, and, further check, their 
readings were compared with results obtained chemical analyses. 
The indicated chlorine and the actual chlorine, found analysis, 
agreed very closely.* 

The quantity land-water discharged into the harbor varies accord- 
ing the season, being greatest during April and least during August. 
When the discharge land-water maximum, the salt-water 
the sea driven down the Hudson, that the river Tarrytown 
practically fresh. When the discharge land-water minimum, 
the salt-water works its way the Hudson far Poughkeepsie. 

land-water entered the harbor, the water therein would 
salty that the sea. the record shows that the harbor water 
salty, but less salty than sea-water, evident that the former 
that these salinometer records could used finding the proportions 
sea- and land-water the harbor waters, and study was made 
them for this purpose. 

About 13000 observations for salinity were made the harbor 
during 1909. Additional observations were made different depths 


Report, Metropolitan Sewerage Commission, April 30th, 1910. 519. 


¢ 
| 


TIDAL PHENOMENA NEW YORK HARBOR Papers. 


below the surface. These indicated that, usually, the water was slightly 
more salty the depth from the surface increased, that the dif- 
ference was small, and that the difference salinity the surface 
and various depths depended the currents the place observa- 
tion. the currents were irregular character, the difference 
salinity was very small. 

These observations were tabulated. The monthly averages land- 
water are given Table for the different stations. this table, 
the figures the columns headed are the averages all the 
observations taken during month. The figures the column headed 
“Out” and “In” are the averages all the observations taken during 
inflowing outflowing currents. Some observations were taken when 
the direction the current was doubtful, slack water, and these 
are not included under either “In” “Out,” but under 

study was made the records the Weather Bureau, 
Department Agriculture, compare the rainfall 1909 with 
the normal. The monthly and yearly precipitation Albany, Carmel, 
Wappinger Falls, West Point, and New York, were averaged. The 
results these averages are given the last line Table 10, and 
show the percentage precipitation above below the normal for 
month 1909. 

The volumes water flowing ebb and flood currents, for different 
parts the harbor, are stated under the heading, “Volumes Tidal 
From these data the volumes flowing intermediate 
places were estimated (see Appendix B). These volumes are given 
Table 11. 

Additional information regarding specific gravities and tempera- 
tures the water given Appendix recorded the salinity 
observations made the Metropolitan Sewerage Commission. 

The Upper Bay and Hudson River.—A longitudinal section was 
taken from The Narrows, through the Upper Bay and Hudson River 
far Tarrytown, the distance between the places being laid off 
abscissas Fig. 39. the places named, the mean tidal flows ebb 
tide, feet, were laid off ordinates, and smooth curve was 
drawn through these points. 

This mean quantity water flowing ebb tide was then divided 


into land- and sea-water, using the salinometer percentages given 
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TABLE 10.—SUMMARY SALINOMETER RECORDS FOR 1909. 
Percentage Land-Water the Surface. Corrected for Temperature degrees. 
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Table 10, and smooth curve was drawn through these points, allow- 


ance being made the precipitation was above below the annual 


normal. 


This gave the middle line the diagram, dividing land- 


water from sea-water. 


YEARLY MEANS. 


Part Harbor. 


Ebb. Flood. 

| 
} 1 866 


12 000 000 000 


1 


Quantities-in Cubic Feet. 


0.000 000 000. 


UPPER BAY AND HUDSON RIVER. 


DIVISION SEA- AND LAND-WATER, 
WHEN AVERAGE LAND-WATER FLOWING, 
FROM SALINOMETER RECORDS MADE THE METROPOLITAN SEWERAGE 


EBB CURRENT 
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The land-water was then divided into “land-water which will return” 
and “land-water which will not return.” This was done plotting 
the different places the mean discharge land-water for 
lunar hours above the middle line. The remainder the land-water 
“land-water which will return.” The discharge land-water 
the same that given Table The land-water held back flood 
tide, that the discharge for hours has pass out during ebb 
tide. The principle which this division was made is, that the 
density the water two successive ebb tides remain constant, 
the same quantity land-water must flow out and not return each 
ebb tide. 

The sea-water was divided into “sea-water which will return” 
and “sea-water which will not return” making the “sea-water which 
will not return” the same proportion the total sea-water, the “land- 
water which will not return” the total land-water. This 
the land- and sea-waters are mixed, and the quantity “land- 
water which will not return” will take with its proportionate 
quantity sea-water. 

The division sea- and land-water flood tide, when the yearly 
mean quantity land-water flowing, shown Fig. 40. This 
diagram was constructed laying off the tidal flow the mean flood, 
cubie feet, ordinates, and drawing smooth curve through the 
points. This result the same subtracting from the top curve 
Fig. 39, the quantity “land-water which will not return.” The 
“returning land-water” was obtained laying off, from this top curve, 
the “land-water which will return,” given Fig. 39. Below the 
second curve, the “sea-water which will return” was laid off, given 
Fig. 39, and marked “returning sea-water.” The remaining part 
the figure, the “new sea-water,” the same quantity the “sea- 
water which will not return,” given Fig. 39. 

order show the variation from mean conditions, Figs. 41, 42, 
43, and were constructed show the division sea- and land-water 
ebb and flood tides during August and April, when the minimum 
and maximum quantities land-water are flowing. 

The division sea- and land-water ebb tide during August, 
when the minimum quantity land-water flowing, shown Fig. 


41, which was constructed similar manner Fig. 39, except that 
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the salinometer records for August, given Table 10, were used, 
and the quantity land-water flowing from the water-sheds was taken 
for August, instead the yearly mean. 


The division sea- and land-water flood tide during August, 


when the minimum quantity land-water flowing, shown 
Fig. 42, which was constructed from Fig. 41, similar manner 
Fig. 40. 


UPPER BAY AND HUDSON RIVER, 
DIVISION OF SEA- AND LAND-WATER, 
WHEN AVERAGE LAND-WATER IS FLOWING. 
FROM SALINOMETER RECORDS MADE THE METROPOLITAN 


FLOOD CURRENT 
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Ft.Washington Pt. 


Tarrytown 


The division sea- and land-water ebb tide during April, when 
the maximum quantity land-water flowing, shown Fig. 43, 
which was constructed similar manner Fig. 39, except that the 
salinometer records for April, given Table 10, were used, and the 
quantity land-water flowing from the water-sheds was taken for 
April, instead the yearly mean. 

The division sea- and land-water flood tide during April, 


when the maximum quantity land-water flowing, shown 


Fig. 44, which was constructed from Fig. 48, similar manner 
Fig. 40. 
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UPPER BAY AND HUDSON 
DIVISION SEA- AND LAND-WATER. 


DURING AUGUST, WHEN MINIMUM LAND-WATER FLOWING, 
FROM SALINOMETER RECORDS MADE THE METROPOLITAN SEWERAGE 


EBB CURRENT 
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Fig. 41. 
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UPPER BAY AND HUDSON RIVER. 
DIVISION OF SEA- AND LAND-WATER DURING APRIL, 
WHEN MAXIMUM LAND-WATER IS FLOWING. 
FROM SALINOMETER RECORDS MADE THE METROPOLITAN SEWERAGE 
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UPPER BAY AND HUDSON RIVER. 
DIVISION SEA- AND LAND-WATER DURING APRIL, 
WHEN MAXIMUM LAND-WATER FLOWING. 
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FLOOD CURRENT. 


8 000 000 000 
6 000 000 000 


£000 000 000 —— 


Quantities, in Cubic Feet 


New Sea-water 


The Narrows 
Point 


The Battery 


Tarrytown 


8 000 000 000 
6 000 000 000 
Ce 
0 
4 
i 
1g Lang. mates 


>= 


EAST RIVER. EAST RIVER. 
DIVISION OF SEA- AND LAND-WATER WHEN DIVISION OF SEA- AND LAND-WATER DURING AUGUST, 
AVERAGE LAND-WATER WHEN MINIMUM LAND-WATER FLOWING. 
FROM SALINOMETER RECORDS MADE THE METROPOLITAN SEWERAGE COMMISSION, FROM SALINOMETER RECORDS MADE THE METROPOLITAN SEWERAGE COMMISSION. 
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The East like manner, longitudinal section was taken 
through the East River from Governors Island Throgs Neck, and 
figures illustrating this section were drawn the those 
for the Upper Bay and Hudson River. 


EAST RIVER. 


DIVISION SEA- AND LAND-WATER DURING APRIL, 


WHEN MAXIMUM LAND-WATER FLOWING. 


FROM SALINOMETER RECORDS MADE BY THE METROPOLITAN SEWERAGE COMMISSION, 


Quantities Feet 


Quantities Cubic Feet 


EBB CURRENT 


a 3 
49. 
FLOOD CURRENT 
1000 000 000 


Governors Island 
Blackwells Island 
Throgs Neck 


Fic. 50. 


The division sea- and land-water ebb tide when the yearly 


mean quantity land-water flowing, shown Fig. 45. This 
diagram was constructed laying off the mean flow, cubic feet per 
tide, ordinates, and dividing these ordinates according the salino- 
meter records, given Table 10, allowance being made the precipi- 
tation was above below the annual normal. 


The division sea- and land-water flood tide when the yearly 


mean quantity land-water flowing, shown Fig. 46. 
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The division sea- and land-water ebb tide during August, 
when the minimum quantity land-water flowing, shown 
Fig. 47. The division sea- and land-water flood tide during 
August, when the minimum quantity land-water flowing, shown 
Fig. 48. 

The division sea- and land-water ebb tide during April, 
when the maximum quantity land-water flowing, shown 
Fig. 49. The division sea- and land-water flood tide during April, 
when the maximum quantity land-water flowing, shown 
Fig. 50. 

The results shown graphically Figs. 50, inclusive, are given 
Tables 17, inclusive. These tables also give the percentages 
which the division sea- and land-water are the total tidal flows. 


Figures Millions Cubie Feet and Percentage During 
Ebb Current. 


which will which will which will which will 
return. return. not return. 


| 
19.9% 14.7% 87.7% 27.7% 100% 
Fort Washington Point..... 040 090 550 230 
17.5% 24.9% 8.8% 100% 
58.3% 27.4% 9.8% 4.5% 100% 
! 
East 
34.6% 65.4% 100% 
Black wells Island........... 320 830 150 
31.9% 100% 
18.1% 81.9% 100% 


Shown graphically Fig. 39. 
Shown graphically Fig. 45. 


study was made the division sea- and land-water both 


ebb and flood tides, show the monthly variations different places 
the harbor. 
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Figures Millions Cubic Feet and Percentage During 


Part Harbor. returning. 
New. 
| 
| 27.9% 51.6% 20.5% | 100% 
1 480 2800 | 2060 | 6 340 
23.3% 44 .2% | 82.5% 100% 
59.1% 10.7% 100% 
| 80.39 18.5% 6.20 | 100% 
East RIVER. 
100% 
81.9% 68.1% 100% 


Shown graphically Fig. 40. Shown graphically Fig. 46. 
This figure 000 000 cu. ft. less than the which will given 
Table 12, because this the mean resultant flow through the East River. 


Figures Millions Cubic Feet and Percentage During 
Ebb Current. 


Part Harbor. ebb 

which will which will which will which will 

return. return. return. 

23.5% 5.2% 58.5% 12.8% 100% 
16.1% 51.6% 100% 
Fort Washington Point..... 700 450 510 230 
43.3% 9.1% 39.3% | 8.38% 100%, 
14.3% 20.1% 100% 


East RIVER, 


Governors Island............ 040 350 390 
Blackwells Island..... ..... 050 150 
100% 


Shown graphically Fig. 41. Shown graphically Fig. 47. 
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Figures Millions Cubic Feet and Percentage During 
Flood Current. 
Part Harbor. returning. flood tlow. 
61.5% 13.6% 100% 
Fort Washington Point...... 2450 510 660 
71.0% 5.6% 100% 
100% 
Blackwells Island............ 990 080 070 
100% 
17.7% | 82.3% | 100% 
| 
This figure 000 000 cu. ft. less than the “sea-water which will given 
Table 14, because this the mean resultant flow through the East River. 
Figures Millions Cubic Feet and Percentage During 
Ebb Current. 
Total 
which will which which will which will| flow 
| return. |notreturn.| return. jinct } 
Bay AND RIVER. 
21.5% 14.5% 100% 
28.1% 18.6% 100% 
Fort Washington Point..... 520 380 200 130 230 
38.2% 2.1% 100% 
Governors Island............ 640 750 390 
100% 
100% 
: 24 2% 75.8% 100% 
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Figures Millions Cubic Feet and Percentage During 
Flood Current. 


Land-Water Total 
returning. flood flow. 
Returning. New. 


Bay AND Hupson RIVER. 


18.6% 100% 

2 090 1 380 1 580 5 060 
41.4% 100% 

Fort Washington Point...... 520 200 130 850 
91.4% 5.2% 3.4% 100% 


East 


Governors Island............ 900 1410 
82.8% 100% 
55.1% 100% 
76.5% 100% 


*Shown graphically Fig. 44. 

+Shown graphically Fig. 50. 

figure 000 000 cu. ft. less than the ‘‘sea water which will given 
Table 16, because this the mean resultant flow through the East River. 


The Narrows.—The division sea- and land-water ebb tides 
months shown Fig. 51. This diagram was constructed laying 
off monthly divisions and the mean quantity water 
tiowing ebb tide ordinates. The curves dividing the “land-water 
which will return” and the “land-water which will not return” and the 
“sea-water which will return” and the “sea-water which will not re- 
turn,” were drawn similar manner the curves shown Fig. 39; 
except that the salinometer records were taken for each month from 
Table 10, instead the mean for the year, and also the quantities 
land-water flowing were taken for the different months, instead 
the yearly mean. 

The division sea- and land-water flood tides months 
shown Fig. 52. This diagram was constructed deducting from 
Fig. the quantity “land-water which will not return.” This gives 
the upper curve the diagram. The returning land-water was plotted 
laying off, from this upper curve, the quantity “land-water which 


will return,” given Fig. 51. similar manner, the “returning 
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THE NARROWS. 
DIVISION SEA- AND LAND-WATER MONTHS. 
FROM SALINOMETER RECORDS MADE THE METROPOLITAN SEWERAGE COMMISSION. 


EBB CURRENT. 
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TABLE Narrows. 


Figures Millions Cubic Feet During Ebb Current.* 


return. notreturn.; return. return. 
430 690 670 040 
2280 710 900 150 040 
1 760 910 6 180 8 190 12 040 


Shown graphically Fig. 51. 
Average daily readings. 


TABLE Narrows. 


Figures Millions Feet During Flood Current.* 


Month. returning. flood flow. 
Returning. New. 

3 510 8 440 2 510 9 460 
JOY. .vccccccsccevevcwsvsevevevnes 2 230 6 850 2 180 11 260 
August 840 980 520 340 
September 280 820 150 250 
ET cidoserceteaesceupeptanves 1 600 5 76 8 610 10 970 
1 770 5 650 8470 | 10 890 
Average for Yeart........... 010 560 210 780 


Shown graphically Fig. 52. 
Average daily readings. 


These figures are 000 000 cu. ft. less than the which will given 
Table 18, because this the mean resultant flow through the East River. 
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HUDSON RIVER, OFF THE BATTERY. 
DIVISION OF SEA- AND LAND-WATER BY MONTHS. 
FROM SALINOMETER RECORDS MADE THE METROPOLITAN SEWERAGE 
EBB CURRENT. 
5 Sea-water which will not retuin, 
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sea-water” was laid off, and the difference (the quantity complete 
the diagram) is, therefore, which the same quan- 
tity the “sea-water which will not return,” given Fig. 51. The 
results shown graphically Figs. and are given Tables 
and 19. 

The Hudson River, off the division sea- and land- 
water ebb tides, months, given Fig. 53, and flood tides 
Fig. 54. These diagrams were constructed similar manner 
Figs. and 52. The results shown graphically Figs. and are 
given Tables and 21. 

The Hudson River, off Fort Washington Point.—The division 
sea- and land-water ebb tides, months, given Fig. 55, and 
flood tides Fig. 56. These diagrams were constructed similar 
manner Figs. and 52. The results shown graphically Figs. 
and are given Tables and 23. 

The Hudson River, off Tarrytown.—The division sea- and land- 
water ebb tides, months, given Fig. 57, and flood tides, 
Fig. 58. These figures were constructed similar manner 
Figs. and 52. The results shown graphically Figs. and are 
given Tables and 25. 

The East River, off Blackwells division sea- and 
land-water ebb tides, months, given Fig. 59. This diagram 
was constructed laying off monthly divisions abscissas, and the 
average quantity water flowing ebb tide ordinates. The 
average quantity water flowing ebb tide was then divided into 
land- and sea-water the salinometer percentages for the different 
months, given Table 10, and smooth curve was drawn through 
these points, allowance being made the precipitation was above 
below the normal for that month. 

The division sea- and land-water flood tides, months, 
given Fig. 60. This diagram was constructed similar manner 
Fig. 59, excepting that the salinometer percentages for flood tide 


were used. The results shown graphically Figs. and are given 
Tables and 27. 


Newark figures illustrating the division the waters 
Newark Bay are not drawn the same scale the preceding ones. 
The scale was increased order show more clearly the division 
the waters. 
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TABLE River, THE 


Figures Millions Feet During Ebb Current.* 


WATER: 

2 260 640, 8 530 1 000 7 430 
2090 2 880 1 380 1 580 7 430 
2 980 1 230 2 280 940 7 430 
1 889 1 000 2 970 1 580 7 430 
1190 640 8 640 1 960 7 430 
| 1 200 570 3830 | 1 830 7 430 
780 910 2 650 8 090 7 430 
950 84) 2 990 2 850 7 430 
Average for Yeart 


o 
= 
& 
S 


| 


*Shown graphically Fig. 53. 
Average daily readings. 


TABLE River, THE 


Figures Millions Cubie Feet During Flood Current.* 


Land 

returning. New. 

1 450 1 400 2 8380 5 130 
1 200 8 880 1 830 6 860 


graphically Fig. 54. 
Average daily readings. 
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TABLE 22.—Hupson River, orr Fort 


Figures Millions Feet During Ebb Current.* 


LAND-WATER: 


Month. Total 
return, jnot return.) return. return. 


640 920 130 230 
2 980 2 300 560 440 6 230 
520 380 200 230 
420 280 450 130 230 
640 000 250 340 230 
850 640 500 230 
2700 570 2 450 510 6 230 
400 650 680 230 
2170 910 2 220 930 6 230 
260 840 280 850 
220 080 1970 960 230 
Average for 040 090 550 550 230 


Shown graphically Fig. 55. 
Average daily readings. 


Figures Millions Cubie Feet During Flood Current.* 


Land-Water Total 
returning. flood flow. 
Returning. New. 
930 560 440 980 
3 640 1 250 340 5 230 
2 850 2 240 500 5 590 
August...... 450 510 660 
September 400 500 680 580 
2170 2 200 930 5 300 
2 260 2 280 850 5 390 
2 220 1970 960 5 150 


*Shown graphically Fig. 56. 
Average daily readings. 
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Figures Millions Cubic Feet During Ebb Current.* 
Month. 
return. |notreturn.| return. j|not return. 
Average for Yeart........... 820 390 180 980 
*Shown graphically Fig. 57. 
Average daily readings. 


TABLE River, orr 


Figures Millions Cubic Feet During Flood Current.* 


Total 
Month. returning. 


Returning. New. 


Average for 820 890 180 
Shown graphically Fig. 58. 
daily readings. 
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TABLE 26.—East River, 
Figures Millions Cubic Feet During Ebb Current.* 
Total 
Month. Land-Water. Sea-Water. flow 


Shown graphically Fig. 59. 
Average daily readings. 


Figures Millions Cubie Feet During Flood Current.* 


Month. Land-Water. Sea-Water. 

970 8 100 4070 


Shown graphically Fig. 60. 

Average daily readings. 

The division sea- and land-water ebb tides, months, 
shown Fig. 61, and flood tides, Fig. 62. These figures were 
constructed similar manner Figs. and 52. The results shown 
graphically Figs. and are given Tables and 29. 
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HUDSON RIVER, OFF POINT. 
DIVISION SEA- AND LAND-WATER MONTHS. 
FROM SALINOMETER RECORDS MADE THE METROPOLITAN SEWERAGE COMMISSION. 


EBB CURRENT. 
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HUDSON RIVER, OFF TARRYTOWN 
DIVISION OF SEA- AND LAND-WATER BY MONTHS. 
FROM SALINOMETER RECORDS MADE THE METROPOLITAN SEWERAGE COMMISSION. 


EBB CURRENT 
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NEWARK BAY 


DIVISION SEA- AND LAND-WATER MONTHS. 
FROM SALINOMETER RECORDS MADE THE METROPOLITAN SEWERAGE COMMISSION, 


EBB CURRENT 
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61. 


FLOOD CURRENT 
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TABLE 28.—Newark Bay. 
Figures Millions Cubic Feet During Ebb Current.* 
Month. 
Shown graphically Fig. 61. 
Figures Millions Feet During Flood Current.* 
4 
Month. returning. flood flow. 
Returning. New. 
Average for Year.t......... 644 866 


*Shown graphically Fig. 62. 
Average daily readings. 
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INTERPRETATION DIAGRAMS. 


The sudden rise the curve the Battery, Figs. 39, 40, 41, 42, 
43, and 44, caused the discharge from and into the East River 
the Battery, and also the discharge from and into the Kill van Kull 
Staten Island near The Narrows. 

The salinometer readings the station Governors Island were 
used for the Battery, was the nearest observation station this 
place. The salinometer readings this station were affected more 
the discharge from the East River than that from the Hudson. 
consequence, possible that more land-water should shown 
the Battery than Figs. 39, 40, 41, 42, 43, and 44. 

The diagrams showing the conditions existing the East River, 
namely, Figs. 45, 46, 47, 48, 49, and 50, are not divided like the 
others show the “water which will return” and the “water which 
will not return.” was not possible divide them this manner, 
first, because the East River strait, open both ends bodies 
salt-water, and second, because the water-sheds draining into 
were small that division had been attempted, was done with 
the Hudson River, the “land-water which will not return” would have 
been small that would appear scarcely thicker than line 
the diagrams. 


study these diagrams shows that the flushing action the 
waters the harbor not great the large volumes flowing the 
tides would seem warrant. All the diagrams show that the quantity 
“sea- and land-water which will not return” not large pro- 
portion the quantity flowing ebb tide. There always 
large quantity “water which will return” the succeeding flood 
tide. 

The quantity “new sea-water” never large proportion the 
total quantity flowing flood tide. This “new only 
new off places situated near the ocean, and not new such places 
the Upper Bay, Fort Washington Point, Tarrytown, East River, 
Newark Bay. these places the “new really water 
which has not been the place the previous tide, but comes 
from some other part the harbor. For instance, Fort Washington 
Point, the “new sea-water” would from the lower reaches the 
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Hudson, Upper Bay, perhaps some from the East River entering 
the Hudson the Battery. 

The water which has seaward trend and will not return, the 
quantity land-water from the water-sheds. For places near the 
ocean, this seaward trend increased some “sea-water which will 
not return”; but, for places well within the harbor, such “sea-water 
which will not return” replaced sea-water (as explained 
which comes from some other part the harbor, and not clean 
ocean-water. 

The diagrams indicating the division sea- and land-water 
months show that the “sea-water which will return” always greatest 
during the summer and least during the spring. 

The “sea- and land-water which will not return” least during 
February and the summer, and greatest during the spring. 

The flushing out the harbor, the seaward trend, greatest. 
during the spring and least February, under normal conditions. 


ACKNOWLEDGMENTS. 


The writer acknowledges his thanks David Johnson, Jun. Am. 
Soe. E., his office assistant, for aid making the diagrams and 
and for numerous valued suggestions; also 
Tittmann, Am. E., and Mr. Perkins, both the 
Coast and Geodetic Survey, for their courtesies permitting in- 
spection the Survey records, and for their advice and criticisms. 


2 


q 
: 4 
q 
| 
a 
; 
> 
| 
4 
{ 
fa 
; 
rt 
q 


762 TIDAL PHENOMENA NEW YORK HARBOR Papers. 


APPENDIX 


The boundaries for the several divisions the harbor were selected 

follows: the entrance the Lower Bay, line from Hook 
Beacon, Sandy Hook, tangent the westerly end Rockaway 
Beach, Barren Island. the mouth the Raritan River, 
line from Ferry Point the extreme easterly point South Amboy. 
the entrance the Shrewsbury River, line from the Post 
Light Spermaceti Cove southwesterly Highlands. The Nar- 
rows, line drawn from the point the south Fort Hamilton 
teservation the dock about mile south Fort Wadsworth Light. 
the south end the East River, line drawn from the Battery 
the foot State Street, Brooklyn. the south end the Hud- 
son River, from Castle Garden the south end the docks Com- 
munipaw. the east end Kill van Kull, from Constable Point 
the northerly point New Brighton, Staten Island. the west 
end Kill van Kull, from the extreme end Bergen Point southerly 
Port Richmond. the northerly end Arthur Kill, line 
drawn from the railroad dock just east Port Avenue, Elizabethport, 
southerly Staten Island. the south end Arthur Kill, line 
drawn from Ferry Point the extreme southwest end Staten Island. 
the upper end Newark Bay, lines drawn from the extreme 
southerly end the Meadows, between the mouths the Passaic and 
Hackensack Rivers, westerly across the Passaic 
across the Hackensack the point the Meadows. the east end 
the East River, line from the light Throgs Neck the 
northerly end Willets Point. the southerly end the Harlem 
River, line from the foot East 126th Street the northerly 
eorner the Bronx Kills. the northerly end the Harlem River, 
the New York Central and Hudson River Railroad bridge. The 
Bronx Kills, Little Hell Gate, the west branch between Manhattan and 
Randalls and Wards Islands, Newtown Creek, and Wallabout Bay are 
the East River. The areas all islands have been 
subtracted. 
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APPENDIX 
CALCULATION VOLUMES FLOWING TIDES. 


Figures Cubic Feet per Tidal Flow. 
Hudson River, off the Battery: 


The ebb flow equals the ebb off 39th Street plus the tidal prism 
tween the Battery and 39th Street, Manhattan. 


Ebb: 990 000 000 3.7 sq. miles 4.3 
Mean discharge fresh water lunar hours.... 


Flood: Taken the 343 000 000 


Hudson River, off Fort Washington Point: 


The ebb flow equals the ebb off Street, minus the tidal prism 
between Fort Washington Point and 39th Street, Manhattan. 


Ebb: 990 000 000 6.6 sq. miles 4.15 
Mean discharge fresh water lunar hours.... 


Flood: Taken the 143 000 000 


Hudson River, off Tarrytown: 
The ebb flow equals the ebb off Fort Washington Point, minus the 
tidal prism between Tarrytown and Fort Washington Point. 
Ebb: 000 21.0 sq. miles 
Mean discharge fresh water lunar hours.... 1087 


Flood: Taken the 893 000 000 
Newark Bay: 
The figures were taken from those the Coast and Geodetic 


Survey, August 14th, 1908, they contained estimate the flow 
through Arthur Kill. 


The average flood and ebb: 


(1) Total, average for Newark Bay............... 000 000 
(2) Mean fresh water discharged into Newark Bay 

Mean ebb flow, (1) 

Mean flood flow, (1) (2)................... 000 
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THEOREM. 


Bernoulli’s theorem, applied strait connecting two large bodies 
water, becomes, where friction taken into account, 


the velocity the smallest section; 

the velocities other sections; 

the heights the water each side the smallest 
section; 


friction factor; 


the wetted 


the area the smallest cross-section; 


areas other cross-sections; 


the length the channel for the smallest section; 


lengths other parts the channel. 


The conditions continuity require, with the same volume flow- 


ing, the velocity vary inversely the cross-sections, 


Substituting the first equation, 


Quantitic 


November 
Janvary 


March 
May 
July 
August 
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January, 1909. 
Min, 1.0289 1.0169 1.0145 1.0149 1.0149 1 wie 
February, 1909. 
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INTERPRETATION 

43, the discharge from and. -into the East River 
the Battery, also the discharge from and into the Kill van Kull 

The salinometer readings the station Governors Island were 
used for the Battery, nearest observation station this 
place. The salinometer readings this station were affected more 
discharge from the East than that from the Hudson. 
Battery than Figs. 39, 40, 41, 43, and 

diagrams showing the conditions existing the East 
namely, Figs. 45, 46, 47, 48, 49, and 50, are not divided like ‘the 
others show the “water which return” and the “water which 
will not return.” was not possible divide them this manner, 
first, because the East River strait, open both ends bodies 
salt-water, and second, because the water-sheds draining into 
were small that division had been attempted, with 
the Hudson River, the which will not return” would have 
been small that would appear thicker than line 
the diagrams. 


study these diagrams that the ‘action 
waters the harbor not great the large volumes flowing the 
tides, would seem warrant. All the diagrams show that the quantity 
“sea- ,which will not return” not large pro- 
portion the quantity flowing ebb tide. There always 
quantity “water which return” succeeding flood 

The quantity “new never large proportion the 
total quantity flowing tide. This “new sea-water” only 
new off places situated near the ocean, and not. new such: 
the Upper Bay, Fort Washington Tarrytown, 
Newark Bay. these places the “new sea-water” really water 
which has not been the place the previous tide, but comes 
from some other part the harbor. For 
Point, the “new sea-water” would from thé reaches’ the 
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Hudson, Upper Bay, some from the East River entering 
the Hudson the 
which will return” replaced sea-water (as explained previously) 
months that the which will return” greatest 
during the ‘summer and ‘spring, 
February and the greatest during the 
during the February, normal conditions. 


the Survey ‘for their advice and criticisms. 
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line from erry Point extreme easterly point South Amboy. 
entrance the Shrewsbury River, line Post 
Light Spermaceti southwesterly Highlands. Nar- 
rows, line drawn from the point the south 


son River, from Castle the south end the docks Com- 
the east end Kill van Kull, from 
the northerly point New Brighton, Staten the west 


end Kill Kull, from the extreme 


drawn from the railroad dock just east Port Avenue, Elizabethport, 
southerly Staten the south end Arthur Kill, line 
drawn from Ferry Point extreme southwest end Staten Island. 
the upper end Newark from the extreme 


westerly, the and southeasterly 
across the Hackensack the point “At. the east end 


corner the Bronx Kills. the northerly end the Harlem River, 
the New York Central and Hudson River Railroad bridge. The 
Bronx Kills, Little Hell Gate, the west branch between Manhattan and 
Randalls and Wards Islands, Newtown Creek, and Wallabout Bay are 
the East River. The areas all islands have been 
subtracted. 
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River, off the Battery: 


The ebb equals the 39th Street plus the tidal prism be- 
tween the Battery and 39th Street; Manhattan. 


Flood: Taken the difference. 


Hudson River, off Fort Washington Point: 
The ebb flow equals the ebb off Street, minus the tidal prism 
between Washington Point and 39th Manhattan. 


000 000 


River, off 
The ebb flow equals the ebb off Fort Point, minus the 
tidal prism between Tarrytown and Fort Washington Point. 
Ebb: 21.0 sq: miles (5280)? 
mean rise 980 000 000 
Mean discharge fresh water lunar hours.... 000 000 


Newark Bay: 


The figures were taken from those the Coast and Geodetic 
Survey, August 14th, 1908, they contained estimate the flow 
through Arthur Kill. 


The average flood ebb: 


(1) Total, average for Newark Bay............... 000 000 
(2) Mean fresh water discharged into Newark Bay 


Mean ebb flow, (1) 972 000 000 
Mean flood flow, (1) 000 
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Bernoulli’s theorem, applied strait connecting two large bodies 
water, becomes, taken into account, 


Where the velocity the smallest section; 
ete. the velocities other sections; 
the heights the water each side the smallest 
section; 
the wetted perimeter; 
the length the channel for the 


L,, lengths other parts the channel. 


The conditions continuity require, with the same volume flow- 
ing, the velocity vary inversely the cross-sections, 


( a, ) ’ Dg 
Substituting the first equation, 
Solving for 


Survey, 1907, Appendix page 425. 
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APPENDIX 
New York 


TABLE AND TEMPERATURES. 
Specific Gravity 60° Fahr. 


Temperatures Degrees, Fahrenheit. 


Throgs Neck 


Channel 
Light-Vessel. 
Fort Wadsworth 
Station. 
Robbins Reef 
Station. 
Blackwells 
Station. 
Washington 
Point Station 
Tar own 
Passaic Light 
Station. 
Great Beds 
Station. 


March, 1909. 


Temperature, 
Specific 


April, 1909. 
Temperature, 
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30. (Continued.) 


1909. 
Specific Gravity, Max. 1.0186 1.0157 1.0147 1.0177 1.0197 1.0052 1.0000 1.0101 1.0178 
1.0152 1.0094 1.0049 1.0080 1.0046 1.0102 1.0182 1.0005 4.0012 1.0000 
Specific Gravity, 1.0240 1.0200 1.0197 1.0177 1.0181 1.0118 1.0088 1.0129 1.0176 
1.0180 1.0155 1.0112 1.0123 1.0094 1.0145 1.0189 1.0081 1.0006 1.0108 
1909. 
Specific Gravity, 1.0245 1.0235 1.0222 1.0192 1.0215 1.0068 1.0172 1.0194 
1.0218 1.0180 1.0160 1.0156 1,0147 1.0157 1.0196 1.0057 1.0022 1.0075 1.0156 
August, 1909. 
Specific Gravity, 1.0244 1.0226 1.0216 1.0224 1.0205 1.0195 1.0216 1.0090 1.0191 1.0201 
1.0211 1.0182 1.0164 1.0167 1.0160 1.0136 1.0083 1.0049 1.0044 1.0091 
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wal. “ . 

Lay 


TABLE 30. (Concluded.) 


Fort Wadsworth 
Station. 
Robbins Reef 
Station. 
Governors 
Island 
Station. 

Island 
Station. 
Throgs Neck 
Station. 
Fort Washington 
Point Station. 
Tarrytown 
Station. 
Passaic Light 
Station. 
Great Beds 
Station. 


September, 1909. 


| | | 


Temperature, 
cific Gravit 
October, 1909. 
November, 1909. 
December, 1909. 
Temperature, Max.................. 
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This Society not responsible for any statement made opinion expressed 
its 


THE PHILOSOPHY ENGINEERING. 


Notwithstanding that engineering structures have but recently 
come designed with precision, and that machinery know 
to-day development the past century, some the greatest engi- 
neering feats were performed almost before history began. The Chinese 
wall, the Indian temples, the sphinx—the seven wonders the world— 
will always compel our attention and baffle our imagination. truth, 
the ancients were builders mean structures, but, except some 
extent irrigation, their real engineering ends there. They were not 
producers economic necessities are to-day, but confined them- 
selves the erection monuments, such. 

Later, during the Roman era, the need political security, public 
utilities, and the spirit commercialism came more than 
monarchial whim, and resulted the construction highways, 
aqueducts, and sewers, which, again, command our admiration and 
respect, the more deservedly because they were for long unsurpassed. 
Furthermore, remarkable that the next achievement, the reclama- 
Holland, not overshadowed ‘an undertaking con- 
forming more closely these precedents, the fundamental cause for 
departure doubtless being economic necessity. 


papers are issued before the date set for presentation and discus- 
sion. Correspondence invited from those who cannot present the meeting, 
published subsequent number Proceedings, and, when finally closed, the 
papers, with discussion full, will published 
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All this time the engineer was, primarily, builder without special 
training—with nothing but his judgment and common sense guides. 
remained for Renaissance, with the steam produce 
the mechanic and the technical man busied with the construction 
works public utility, and for day evolve what may 
called engineer: the man commerce, industry, business, who 
makes engineering rather than man affairs. 

Henceforth, managers and business men will more and more 
chosen from among those engineers who can back stresses 
neers decide the advisability investments, the kind and magnitude 
structures, the operating and For the engi- 
neer who can still farther dollar, the public 
good—there opens the vast field government administration 
and policy forming—the field the engineering economist—for gov- 
ernment, particularly municipalities, large measure 
engineering business nature. This illustrated appraisement work, 
organization, where the appraiser must decide such questions as. fair 
profit, what about franchise value, whether expenditures were 
justifiable, what class service adequate, and whether 
extending the right eminent domain utility corporations. 

Considering the opportunities newly presenting themselves the 
engineer, there seem certain professional duties which must 
discharge before may walk worthy the calling wherewith 
are called, two these being the obligations contributing educa- 
tion (of both the public and the Profession) and applying newly 
established principles. 

There should foundation, for remark that the 
engineer should limited the bounds stresses and dimensions, 
and not stroll over into financiering and managing. Rather, should 
matter common report that the engineer, seeking the truth 
(as must) stands not the shows things but things them- 
selves, that he, being closely related all industrial adventures, must 
necessity familiar with questions governing their inception and 
their modus operandi, _Over and above more generally establishing 
the engineer’s fitness sit councils—literally based on, cap- 
ability—is higher duty, which will becéme more and more’ clearly 
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the duty reconciling busimess and the people, 
being peacemaker between those who produce our economic goods and 
those who consume them what seems too high cost. Many the 
between labor arise from misunder- 
standings, ill-selected points view, and limited knowledge: know 
all forgive There are fortunate few who, managing and 
evaluating, have opportunity establish amicable relations between 
seller and buyer. There much greater number who can 
plish somewhat the same result participating professional dis- 
cussions, local public meetings, and consultations boards direct- 
ors, the extent explaining the complexities modern sociology 
and commercialism. 

the end that members the Profession the more ably 
this great work they should endeavor 
educate one another systematic and thorough interchange 
ideas such subjects business. and banking, human nature and 
government, rather than continue leave each strive best each 
may, obtaining individual effort fragmentary 
illustrate this point, may not out place call attention 
the confusion existing regard “Going Value,” “Water,” and 
“Development Expenses,” brought out the discussion the paper 
Henry Earle Riggs, Am. Soc. E., entitled “The Valuation 
Public Service and the fact that one seems 
know just what with “discount bonds,” question discussed 
parts that paper. Such principle that good enough best, that 
“one may get too much for one’s money”+ should established 
among engineers applied habitually. Another example the 
evil results having perhaps too large proportion 
tention, Profession, technical and too small propor- 
tion the working principles big things, the unfortunate state- 
ment that “it would be, not only bad engineering, but bad 
engineering and business were not, fundamentally, one and the 
same thing—bad engineering can nothing else than 

large professional duty, that taking. the initiative 


Transactions, Am. Soc. E., Vol. 276, and 187. 


The Water-Works and Sewerage Monterrey, L., Mexico,” Transactions, Am. 


Transactions, Soc. E., Vol. LXXII, pp. 246 and 
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engineering and economics the discussion Riggs’ paper, one 
economics, and the other that “the engineer essentially economist.” 
Without quibbling over the question whether economics part 
engineering engineering part economics, may stated 
axiomatically that modern engineering based, not personal am- 
bition, national pride, worship stone, military necessity, but 


_eeonomics. real political economist acts this theory. Financiers 


and statesmen always have been such, and engineers now are. More 
than this, Courts times require them establish their theory. 
Our present social and commercial structure places the engineer 
the obligation taking the lead. The engineering economist, the 
new engineer, must guide the banker well build and operate his 
physical plants; must act mediator and policy former ques- 
tions state; must launch out into the deep. quote from the 
Presidential Address John Past-President, Am. 
Soe. E.: 


seems also disposition avoid participation the 
discussion questions, even when closely related the work 
the Profession. Congressional Committees call the 
Society for advice with regard pending legislation, involving ques- 
tions relating engineering, would seem proper function 
the Society render such aid may practicable. 

“In fact, might well, under proper conditions, even 
farther, and use the influence the Society may have mould public 
opinion along lines free from lecal political bias, when our public 
works are the subject discussion. 

* * * * * * * 

“As matter fact, the Society already regarded the public 
highly that its members are looked with special favor the 
Courts when expert testimony required, the Government when 
seeking for capable men for service public works, and munici- 
palities where men integrity and ability are looked for fill posi- 
tions trust relating the engineering side city government. 

“In speech the Society House recently leading politician 
New York announced that they have come realize that the interests 
the city are best served appointing engineers fill the important 
offices which have charge the physical welfare the city general. 

“This true many our cities, and the Profession steadily 
growing public favor; loyalty the Society the its 
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members wherever may located will greatly 
growth.” 


mercialism, and the theory engineering expenditures. 
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Led his interest this newly field professional 
activity, the writer begs present some reflections sociology, com- 


lated the proposition that the greatest. good possible should 
for (whether this eliminates individual, genus, species) 


for the ideal conduct life, there has been formu- 


striven 
that the 


common weal the proper goal; and that, not, only one generation 
age considered, but that all future generations and ages 
should have proper weight the final sum total welfare. That 
say, all life has its standing court, plant animal, pres- 


ent future. 


the end that man should have his fair share this world’s 
goods, there were organized the primitive protective leagues which 
have developed into our modern governments, one the highest 
tions which modern communistic. the exercise po- 


lice power, defined as: 


manner reasonable regulations and laws preserve the peace, order, 
and safety society, and prescribe the made and manner which 
every one may use and enjoy that which his own-as pre- 
clude corresponding use and enjoyment their own others.” 


To- day, man longer needs protection against his original savage 
enemies. They are conquered, and now turns his attention other 
pursuits, foremost and basic which the production and distribu- 
tion more economic necessities and luxuries, the direction “the 
great sources power Nature for the use and convenience man.” 


mutual protection undoubtedly influenced the form 


early gov- 


‘ernment, have, to-day, inevitably, business form government. 


Business the chief occupation the average individual. 


live 


age. Business and government to-day are inseparable, 
but, originally, human welfare (and not government business) 


the causa causans government and business. 


This point deserves emphasis, The good the people the primary 


object government and business, “business” prosperity being sec- 
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ondary and incidental end, or, more simply means 
richer and fuller life. The long-time security investments, ulti- 
mate stability government, and eventual greatest common weal 
man are inextricably interdependent. truly furthers the 
one furthers all, and whatever threatens one does, ‘the long run, 
threaten all. 

the creature and creator, the servant and master, this triple 
alliance (that people, government, and business) stands the engi- 
neer. abhorrer greed, seeker the truth, designer, builder, 
and operator public utilities, once: the people’s protector, 
for the innocent investor can know first hand nothing the 
security his savings; the business leader, for going concern 
engineering product; the advisor governments, for business rightly 
has voice government, and now embark 
business; and the mediator disputes arising between people, busi- 
ness, and government. 

The actual state affairs long way from that just outlined 
the one striven for, albeit the general trend toward, rather 
than away from, though not yet, but some day, the lion 
will lie down with the lamb. 

collectively and individually contribute imperfections; 
lacking knowledge what constitutes the supreme good, man has 
builded the philosophy the good man. Individually, all 
eases (to greater lesser degree) place the good self first; one’s 
self paramount one’s fellows; altruism, the spirit service, comes 
second. Collectively, times make unwarranted expenditures 
money; dissipate the property posterity with spirit absolute 
indifference the future; war among ourselves, one institution 
against another. 

Government, lacking the one-time incentive the protection 
the governed from external enemies, has given part its energy 
protection from internal enemies. now have vested interests 
and special privileges. Our economic ills to-day, such high 
tariff, monopoly caprice, concentration wealth—and ‘on down 
painful and familiar list—are laid the door government, ap- 
parently without realization that America the People the Govern- 
ment. Individually, need have nationally, more awakened 
spirit, that our business form government will the sooner 
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purged its ills through the application and com- 
mercial unified policy favorable all interests. 

Business, blinded the dust extensiveness, has times failed 
perceive its primary fundamental object, and has been guided 
its secondary fundamental object: the welfare the people has been 
incidental the apparent welfare business. With the cessation 
sighted and deliberate period intensiveness, that already the 
short-time balance accounts gives way the long-time reckoning: 
corporations are, happily, changing their attitude—they are beginning 
see farther than their noses, and consequently are considering the 


effect their policies have the ultimate stability business through 
their effects virility. 


ENGINEERING EXPENDITURES. 


engineering enters intimately into every phase human 
life, and every engineering proposition must needs financed, the 
writer much interested the general subject ex- 
penditures. realizes that: 

the work-a-day world, the philosophy the good all life 
There more concrete and particular criterion—a field tape, 
were—in determining whether object. worthy, which test 
must necessarily be, “Will pay? How much money will make?” 
The sum total all our investments, order that may not de- 
plete what capital has been handed down us, must net at. least zero; 
and, are bequeath much property per capita received, 
this sum total must net positive quantity. 

2.—By happy combinations capital and labor enabled 
add the world’s wealth, its increase being measured. the profit- 
ableness the venture which depends the acumen: displayed 
selecting field, erecting plant, and managing the business as.a 
whole. Each phases (selection, construction, operation) 
becoming, through our division labor, with its con- 
centration and specialization effort, multiplication possibilities, 


and increase size units, more and more difficult proper 
solution. 


Pays 


< 


THE PHILOSOPHY ENGINEERING 


3.—The successful engineer the one who grasps the principle that 
engineering business—that good engineering good business—and 
solves the questions, “How much?” and “Will with capable en- 
gineering business judgment. any engineering business possibility, 
the engineer, before passing the security investment, 
the balance between gross annual expenditures and gross annual re- 
the difference giving the net annual income, positive negative 
the case may be, but always positive except when people are busi- 
ness for their health amusement. This rigid requirement, that 
undertaking must commercially feasible, strangles the industrial 
application many scientific possibilities. 

Notwithstanding that analysis profit, complete, must 
comprise enumeration the factors gross income the one 
hand and gross expenditures the other; and, further, notwith- 
standing that receipts and expenses are generally interdependent, this 
paper deals but little with the former. hoped that some one will 
present paper the elements entering into gross income. 

brief, total income the product unit prices and the number 
units sold, both according the law supply and de- 
mand, the law monopoly distribution—in any event according 
the law variation returns. 

The factors total annual cost—to deal with this side some- 
what greater length—are interest first cost (unmistakably including 
development cost); depreciation sinking fund; the creation 
reserve for extensions, betterments, and unforeseen contingencies; 
outlays for raw material and maintenance and repairs; wages, 
salaries, and royalties; rent, taxes, and insurance. These factors, 
within themselves, are, addition, involved complex 
interdependency. illustrate: 

designing important bridge, considerable attention may 
given the question economic dimensions, first cost alone being 
considered. then remembered that first cost and maintenance 
are bound together, indifferent material and workmanship necessitating 
heavy up-keep charges. Moreover, precisely how fast depreciation 
should allowed take place and exactly what extent should 
checked repairs, only one the multifarious issues the en- 
gineer must determine. wander back, for moment, receipts, 
the rate exploitation exhaustible resource fundamental 


importance bearing first cost: Should plant installed 
capable using all available raw ten years, thousand? 
final example, illustrative the influence any factor the cost 
production has every other factor, and the weight each has 
the balance between income and outgo, may consider the rate 
exploitation perpetual resource; more specifically, may ponder 
the height dam any water-supply problem enters into 
questions and useful and wasted draft. 

These considerations bring the general question the best size 
engineering expenditures (“What the best height dam within 
the limits height giving rise proper return cost,” and “What 
the best rate exploitation limited quantity ore,” being two 
examples), which question the following theory formulated: 

all possible arrangements all expenditures, that one best 
which secures the maximum present worth ultimate incomes. 
This statement applies imaginative case dealing with the sum 
total all expenditures and receipts.. That say, does not mean 
that spent railroad will net final profit worth 
now 000, whereas $20 spent will yield sum worth 
now then the latter amount the better invest, unless 
the second $10 000 000 would idle put enterprise which 
would ultimately return sum the present worth which less than 
generalize this limitation: all possible opportunities 
for investment should considered the light all the 
they would yield, and those investments should made which would se- 
cure the maximum total the present worths all incomes, more 
less being put here there procure this result. The example 
the dam may further clarify matters: From the point view 
the dam investment alone, want the highest rate interest; but 
may possible, the one hand, put elsewhere part the money 
available for this purpose yet higher rate, which event would 
choose some other than the highest rate obtainable from the dam; 
the other hand, dam larger than that securing the highest rate 
dam cost might yield more returns the surplus investment 
than ‘that same money could earn elsewhere, whereupon would 
choose, again, some other than the highest rate obtainable from the 
dam. would put our money where would the 
most good. 


Time another element included the general statement, may 
seen from the following example: exhaust body ore this 
year would while save that ore for use during the 
fiftieth year from net more than (interest taken 
5%), would good business thus to. delay, $0.0872 being the 
present worth fifty years Or, again, policy would dictate 
delaying years then more than and now only would 
produced (interest being 5%, $11.4674 the value $1, 
annual compound interest, fifty years hence). Taking this same body 
ore, could mine all in, say, one ten years. (disregarding 
other places put money), beginning now, mined one year 
net profit $z, and mining during years uniform 
obtained annual net profit greater than. 
exploit the slower rate. (Here interest has been taken per 
annum, $1.62889 the amount $1, annual compound interest, 
ten years from now, and $0.0795 the annual annuity required 
accumulate ten other words, would spend our 
money when, and the rate which, would the most good. 

repeat: The ideal engineering expenditures. would secure 
maximum present worths net income. 

obtain this ideal distribution financial resources among all 
departments industry would necessitate two steps. the 
first would set differential investigations (for each and every 
commercial enterprise), enquiring into the relation between expenses 
and revenue, several trial solutions being determine the 
ponement initial development subsequent improvement. These 
differential investigations having been made from time time, and 
new possibilities presented themselves, the results would sent 
central clearing house where the second step, that integration, 
would taken. the higher engineering would performed— 
the financial decisions made—in the light public policy, industrial 
and- human welfare, and the results disclosed by. differential 
vestigations. From purely commercial point view, effort would 
put forth secure such extensity and intensity industrial ac- 
tivities, introducing changes here, allowing more money for con- 


struction operation there, hastening exploitation one place, and 
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conserving resources another, secure constantly, under chang- 
ing conditions, the maximum present worth net incomes ultimately 
derivable from all business. The men who would thus fix the world 
budget should ‘necessarily broad and sympathetic, absolute in- 
tegrity, well schooled and experienced and possessed such knowl- 
edge the inwardness things realize that who would rule 
must servant all, and base their apportionments the propo- 
that, the end, the labor and capital interests, the human and 
industrial interests, the interests people, government, and business, 
ere one. 

the commercial world could stub along without realizing 
sense this underlying theory engineering and engi- 
neering expenditures. Indeed, seem cases absolutely un- 
cognizant the relation between business and people, the princi- 
ple compound interest. Some concerns muzzle the that treads 
out the corn, others fail conserve resources, and others, contrariwise, 
are admittedly charitable. For the most part, however, our organiza- 
tions fit into the system fairly satisfactory way, from the point 
view both the humanist and the commercialist. The secondary 
fundamental business, that concern must make money, auto- 
its application. business does not pay, fails—the 
result simple and unavoidable. must get more money out 
must apparently greater than 1), and the only way this 
turn labor into capital means existing capital. Our machinery 
will never completely self-acting. We, also, must work. striking 
balance between gross annual cost and gross annual income, there 
is, all organizations, considered whole, positive profit, except 
early bad years. 

the case large and old companies, this profit times less 
than should reason unknown development costs. Nor 
the only factor total cost sometimes neglected, 
depreciation being overlooked only less frequently than it; but, all 
all, going concern pays. too many items are neglected, one 
way another, ceases going concern. 

Only chance can the best arrangement all factors total 
cost had: Proper maintenance dependent first cost, length 
life, cost repairs, and cost reproduction; operating expenses 


‘ 
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are subject change without notice, because improvements the 
arts supply prices wages; accident frequently 
plays its part the cost the finished product. These and many 
other influences render the minimizing costs matter 
requiring the best business judgment. 

the daily conflict the commercial world, there strong 
temptation overlook the theory maximum present worths 
income (which, may noted, the bottom conservation), 
forget those generations yet come, and strike out, every fellow 
for himself and “the devil take the hindmost,” pursuit maximum 
present returns. 

This due some instances partly selfishness, but, regardless 
motive, there are always certain circumstances limiting the perfect 
adjustment engineering expenditures. One these our lack 
information the future: know not what day may bring forth. 
Another the fact that some people prefer have their property 
within sight than place elsewhere more profitably. Again, many 
not wish “to carry their eggs ail one basket,” even though single 
one promises less trouble and more gain. The fact that capital must 
completely develop leave entirely untouched property 
considered legal entity, whether not the maximum possible de- 
velopment the most economical, whether not part the required 
capital could more profitably placed elsewhere, still another cir- 
cumstance limiting perfect adjustment expenditures, also the 
requirement that certain funds handled financial entity (be kept 
even though distribution means between two more 
projects would bring better results. Lack funds most 
all. The foregoing classes limitations may considered 
special cases, and are unimportant comparison with the general 
prevailing incomplete knowledge present and future conditions and 
possibilities. The man with only small amount invest cannot 
make large outlays search the best opportunity, but must “hit 
head when sees Even those who handle large sums can, 
rule, informed only certain specialized fields business, and 
cannot completely cover even those; and best the heaviest bankers 
can know only few all the places where they can make secure 
investments. 


This absolute impossibility sending all information central 
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clearing house, taken with the accompanying red tape, which would 
tie large amounts in. which human. frailty 
would certainly become entangled, has given rise local and national 
practical engineering business organization 
composed and large units, apparently separate and distinct, 
but, effect, part unified whole. 

Small rule-of-thumb undertakings may require engineer what- 
ever, but the and, rule, individuals controlling more 
very moderate sums, retain engineers for advice design 
per instructions physical plants necessary the every-day local 
quire only limited capital. 

get into fields and more importance, the engineer 
oceupies increasingly conspicuous position, example the tran- 
sition from loeal ‘to national engineering being given the case 
where energetic citizen makes water-power filing, 
liminary investigation possibilities made, the which may 
engineering study, bond issue development. The local engineer 


handles the small. work; big jobs must done those who can 
furnish the money. 


There thus absolute necessity for money trust—for 
ring of, tremendous amounts capital (it may 
the accumulated individual savings with 
accurate information the probable balances 
and large ventures, good judgment; 
broad philosophy, which ring can where money shall spent, 
how much shall spent, and who. shall 
central authority, absolute necessity. 

Arbitrary decisions. should not made contrary the 
longs—for selling what have not got and buying what 


never expect own. Nor can excuse violent and 
tions the value stocks and bonds, with the accompanying panic 
strong market, the manipulator may desire, while the wheels 
industry turn, unheeding, precisely the same. Furthermore, gain re- 
sulting from high prices and low wages should not capitalized. 
bad business. The management investment securities 
with resulting transfers certificates ownership, which may 
financial engineering, necessary incidental modern eco- 
nomic conditions and entirely different thing from bull and bear 
skirmishes. Such things are fact entirely foreign industry, 
business, sound enterprises. Such things ought not be. 


CONCLUSION. 


Having passed through the eras constructing temples, erect- 
ing personal monuments, cutting ourselves off from intercourse 
with other peoples, stand to-day the age international com- 
mercialism, but not commercialism its height. Although the 
pendulum seems swinging back, although some sense again the 
raising roses instead dollars, have only begun see the vast 
field business. Commercialism, big business, here 
stay. 

The application the theory engineering expenditures possi- 
ble only when bankers have broad vision and wide range choice; 
they can invest money most profitably only when they know all possi- 
bilities. production and satisfaction service are best 
obtained large units, monopolies. Competition, with its duplica- 
tion expenses, uneconomical, and contrary the principle 
division labor. want one butcher, one baker, one 
maker. The best kind business well-managed big business. 
The day little things has passed. 

each individual now has voice local and. National govern- 
ment, too each will come time have actual direct share 
small and big business. Each will have some daily occupation 
(something keep him busy with his immediate physical 
ings), together with securities (bonds, shares stock) issued 
large business concern. will come time common owner- 
ship big business, over and above general possession only per- 
sonal .effects, either government ownership widespread indi- 


OO 


Papers. THE PHILOSOPHY ENGINEERING 


vidual ownership small amounts stocks and bonds. either 
event, because the interdependency business, government, and 
people, will come—are coming—by means 
interest, closer alliance between them. self-interest 


not anti-commercialism, pro-commercialism. The making 


money not incompatible with the making men. processes 


will continue. Corporation publicity and the spirit individual serv- 


ice are only the first feeble gasps new-born co-operation busi- 
ness, government, and people. 
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Discussion.* 


‘of the anchor and cantilever arms and the suspended span this 
bridge are pin-connected throughout, exeept where compression diag- 
onals connect forks forming common pin-plates L,, L,,, 
and and the connections sub-verticals the lower chords. 
lower chords, from and the top chords the suspended span, 
are faced for square bearing under full load and spliced the usual 
manner. Excepting the tower posts, L,, U,,, which have 
web plates, the maximum depth these members only in. With 
these conditions, and reasonable care detailing, very large sec- 
stresses were found, and were not expected. 

The 14-in. pin L,, relieves the secondary stresses that point 
in-a manner fully efficient the segmental rocker bearing the 
Beaver Bridge. 

important note that the weight and loads the Beaver 
Bridge are about three times great the case the Sewickley 
Bridge; also, that the depths main members the Beaver Bridge 
are approximately twice large those corresponding members 
the Sewickley Bridge, and that similar deformations produce 
secondary stresses about proportion the dépths. The same com- 
parison holds substantially for the old Quebec Bridge. 

investigating the the Sewickley Bridge, 
some important compensations. developed, which made unnecessary 
increase the sections, except few instances. For example, take 
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the secondary stress the extreme fibers lower chords, L,,, L,,, 
due deflection the trusses. With maximum live load bridge, 
the additional compression the chords the lee truss due wind 
brings the stringers into action, relieving the chord. Another point 
that should considered the difference between the character 
loading for railway and highway bridges, particularly the proba- 
bilities maximum live load oceurring simultaneously with maximum 
wind load. 

The secondary stresses for all the points just mentioned, and for 
others, were investigated, and, considering the liberal provisions made 
for wind stresses, the comparatively small secondary stresses were suf- 
ficiently provided for, the opinion all the engineers connected 
with the work. 

Regarding the eccentric flanged bushing the pin-holes the 
shoes the anchor piers, introduced provide adjust- 
ment, very little study the description and illustrations should 
sufficient show that eccentricity all caused this the 
anchor bars. true that maximum in. eccentricity may 
exist the bearing the shoes the masonry, but, the base plates 
are in., and the maximum possible reaction produces less 
than half the permissible load per square inch the masonry, the 
effect this eccentricity negligible. 

not strictly true that the stress the anchor bars constant 
after adjustment made. will relieved the deformations the 
masonry and the shoe with its pin-holes and pin. Although this 
can hardly computed with precision, approximate estimate in- 
that the variation would about 20% from the maximum. 

Answering Mr. Hudson’s question the cost making the 
anchor arms self-supporting: 

The this provision may taken, approximately, that 
the following items: 


Erection ties: 
plus details, about per cent. 


Reinforcing, for erection 
Pin-plates and areas back and through pin- 
Pin-plates and areas around pin- reinforced. 
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The temporary ties, and M,, were only provided mr. 


for one anchor arm, they were removed from the north side before 
the south side was erected. 

will seen that, this case, the cost making the anchor 
arms self-supporting was not great. Besides the sense security 
that gave all concerned—by means negligible value—it left 
the Erection Department more latitude arranging the sequence 
operations, thus making for economy the field. 

Although did not become necessary swing the anchor arms 
account high water and ice, there were two three occasions 
when the hazard would have been very great had not been for this 
provision. Moreover, matter convenience, they were swung 
and the falsework removed before the stresses were reversed. 

Mr. Chalfant, County Engineer Allegheny County, has 
furnished the following data the floor construction, and his ex- 
perience with similar floor which has been service several years: 


“The buckle-plates are in. thick, from ft. long, with 
several buckles each, and are supported and riveted the sides 
and ends, with the buckles turned down. The width flat plate, 
between buckles, varies from in., with width in. four 
plates. 95% the cases this width not more than in. The 
minimum thickness the concrete in. 


“The this detail cannot determined calculation, 
and conclusions must based experience. 
“Bridge No. Allegheny River, Oakmont, has substantially 


the same detail, and, after three years service, shows sign 
failure.” 


The problem making the ‘connections the field was given very 
study, the conclusions which were entirely justified the 
actual results. 

Before adopting the lengths truss members computed for camber, 
described the paper, Williot diagram for cambered position 
was constructed, the vertical displacements being checked com- 
puted deflections. From this careful analysis was made the 
erection conditions for each panel and joint, with particular reference 
sub-panel members and riveted field splices, such those the 
lower chord and main compression diagonals. The elevations each 
bent falsework and the camber blocking wefe computed accurately, 
with allowances for settlement, etc., based experience, were also 
the positions all lower-chord pins relation the traveler sills 
and rails. These elevations, with the clearances allowed for, were shown 
erection plans. After this work was completed and checked, the 
engineers the Fort Pitt Bridge Works were satisfied that unusual 
difficulty would experienced the field. 
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The following quotations erection reports give the recorded 
results: 


“As rule, and speaking generally, all riveted connections ‘about 
90% the holes were filled with temporary bolts drift-pins. 
pins were used. the field connections members. taking tension 
during erection, bolts would not take the clearance allowed 
the holes, but all riveted members were connected practically without 
the use drift-pins. 


“All pins were driven home quickly and without the 
tortion displacement metal about the holes. Special rams, weigh- 
ing about 2000 were sent the site, but were never used, 


was found that all pins could driven easily with 15-ft. section 
85-lb. rail.” 


Although recognized that the problem providing for the 
field bridges such proportions the Beaver, Black- 
wells Island, Quebec quite different matter from that met 
the Sewickley Bridge, may worth while consider the causes 
the rather unusual facility with which the latter went together 
the field, even when compared with structures its own class. There 
doubt that the shop methods, mentioned the discussion 
Mr. Straub, had considerable with it, and the form and type 
trusses and details contributed the results; but the methods 
used for introducing the camber and for checking its effect field 
connections, together with the care taken set the falsework and 
camber blocking correct. elevations, seem the most important 
items accounting for the exceptionally satisfactory results attained. 
The accuracy all these computations, well the shop work, 
attested the remarkably close between the computed 
and actual deflections, shown Plate 
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TUFA CEMENT, MANUFACTURED AND USED 
THE LOS ANGELES AQUEDUCT. 


Discussion.* 


gratified the generous number contributions that have been pre- 
sented the this paper, especially arguments have 
given vigorously both sides the question. Before entering 
into review the discussion, desirable add certain data which 
available since the paper was written. 

mortar made 75% hydrated lime and 25% tufa. The 
6-months break. This briquette shows continued hardening water, 
and demonstrates the hydraulic properties the tufa combination 
with lime. 

Table gives the strengths Haiwee and Fairmont tufa cements 
Unfortunately, briquettes for longer time tests 
were not kept during the early stages the work the Los Angeles 
Aqueduct. series now being held for this purpose, but the 2-year 
period has not yet been completed. For briquettes made tufa cement 
consisting 50% tufa and 50% Monolith cement, mixed with 
parts sand, four breaks, made the mill, indicate 
growth strength from 500 the end year 595 the 
end year and 289 days. Breaks the, oldest briquettes have just 
been made the Fairmont plant, with the following results, each 
figure representing average ten tests. The cement used was 

from March, 1918, Proceedings. 
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50% Monolith and 50% Fairmont tufa mixed with parts 
standard sand: 
More breaks were not made desirable preserve the series 
for testing regular periods. They indicate the continued hardening 

Table shows tufa sand briquette tests. with varying proportions 


tufa for ages months. Table gives results continuation 
that table. 


TENSILE STRENGTH. 
ercent- 


210 845 370 395 400 
100 460 390 520 
100 260 430 
150 255 300 415 


The cement used (in the tests Tables and 17) was Monolith, and 
the tufa was from the Monolith quarries. good increase strength 
shown between the 6-months and the breaks. Especial atten- 
tion called the strengths shown the breaks the and 
85% tufa cements. 

page 1213* recorded the results tests with blend 
Monolith cement and diatomaceous earth the proportions 50% 
each. should have been stated that this blended cement was 
mixed with parts sand. 

Table states the results tests made with mixture 
and lavas found the Hawaiian Islands with Santa 
(California) cement equal parts volume. Few tests were avail- 
able for longer periods than days the time writing the paper. 
Table contains the results tests for periods year. 
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10. 


1911, 
1912. 


The tests Table show fair results, and indicate cement 
suitable for ordinary hydraulic work. This cement not strong 
the blends made with the tufas already described. The tests show 
uniform growth strength with age. 

Some tufa cement was sent Robert Ford, Mechan- 
ical Engineering Throop Polytechnic Institute, Pasadena, Cal., 
with request that tested for compression. Standard briquettes 
were made and first broken tension and the two halves then crushed. 
Cubes, in. square, were also crushed, and the ratio tension 
compression was obtained. unusual quantity water was used 
Professor Ford get normal consistency. for neat cement), and 
this, possibly, may account for the fact that the values are lower than 
those usually obtained the city The 
Monolith, and the tufa was from Fairmont. Standard sand was used. 
Table summary the tests. The results for compression com- 
pare favorably with tests given Taylor* for Portland cements, 
but these cements are not strong the German trass cements (the 
tests which are given Table 9), nor are they strong those 
mentioned Table 13, materials tested the Arrowrock Dam, 
quoted Mr. Paul, either for their blended material for their 
straight cement mortars. 

Mr. O’Hara states that Professor Eakle, the University 
California, considers that “the rock ground with the cement used 
the Los Angeles Aqueduct, rhyolite-tuff and trachyte-tuff, which, 
when finely ground, will possess the same characteristics 
ground clay.” 


Mr. O’Hara continues: 


“The cement produced the method used Monolith and 
similar cement adulterated with clay. and 


Mr. 
Lippincott. 


trachyte-tuff are not confounded with the rocks known 
puzzuolana and trass, which have been used for the manufacture 
cement. Puzzuolana and trass are the hardened products voleanic 
action their original state, which respect they are similar 
blast-furnace slag. the other hand, the tuff the nature 
found Monolith and Haiwee, not comparable 
slag, being more the nature altered volcanic rock.” 


TABLE TEsTs ANGELES AQUEDUCT 
CEMENT (MONOLITH). 


Ratio: Average ratio: 
Briquette Cube Days Average Average Tension- 
No. Compression. Compression. Compression. 


NEAT BRIQUETTES. 


Table gives exact chemical analysis the tufas used the 
Los Angeles Aqueduct, Italian tufa, and also Italian puzzuolana 
(as used that country), determined from samples furnished the 
American Consul. detailed analysis the German trass given 
Table where shown that has close resemblance the 
California tufas. The local clays analyze much more closely the 
Italian puzzuolanas than the California tufas. The percentage 
silica the local tufas, soluble alkalies, greater than that 
the ‘samples Italian puzzuolanas, the ratio according 
determinations the Monolith Laboratory, and this believed 
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very important factor. Mr. O’Hara mistaken when refers 
these tufas altered rock. had ever seen these 
quarries, probably would not think so. The tufa used 
altered ash which has been thrown water and com- 
minuted. has been partly consolidated pressure. Physically, 
has more resemblance clay than unground cement. clinker, which 
also contains chemically high percentage resembles some- 
what the pumice stone which can purchased most drug stores. 
Many the hardest rocks, such granite, slate, and lava, decom- 
position form clay, and would misleading say that granite 
clay say that this tufa clay. The writer familiar 
with tufa its altered and clay-like condition. found near 
Haiwee. 

The tufas are very low sulphur, containing usually less than 
one-tenth 1%, and difficult see how there extra 
danger because being blended with straight cements containing 
14% sulphur, this account, Mr. O’Hara states. Reference 
made the discussion Mr. Luiggi the enduring quality 
these cements sea water. 

Mr. O’Hara also says: 


“Tufa and Portland cement, used the Los Angeles Aqueduct, 
mechanical mixture, the two materials being blended equal 
parts volume. Under these conditions, silicates lime are found, 
and the gradual increase strength not due the same cause 
the slow hardening high silica Portland cement.” 

The chemical analyses the Bureau Standards, given page 
1206,* well the analyses the laboratories the Angeles 
Aqueduct, show that silicates lime are formed between the tufa 
cement. Mr. O’Hara’s statement, given, only empirical, and 
should not outweigh these chemical determinations. The writer re- 
grets that Mr. O’Hara considers the practice blending tufa cements 
the Los Angeles Aqueduct “dangerous and without precedent.” 
Many unprecedented things are done, especially the Engineer- 
ing Profession, which result general benefit. There com- 
fort the fact that the Reclamation Service now building 
operating three cement blending and re-grinding plants, after care- 
ful investigations, made its engineers, shown the instructive 


discussions contributed Messrs. Rapier Coghlan and Charles 
Paul. 
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Mr. Reed calls attention the severe climatic conditions under 


which the concrete work the Los Angeles Aqueduct carried on. 
The relative humidity the Mojave Desert during the summer 
about 20%, and this, together with temperatures which are often 
greater than 100°, and the great scarcity water, makes most try- 
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ing condition for concrete work. Except the miles open 
canal Mr. Peterson, methods work were devised 
which kept the green concrete shielded from the sun and wind. Stand- 
ing water usually maintained the conduit with small dams, 
give artificial humidity. Doors curtains were maintained 
portals. The roof was cast the outside conduit before the 
forms were taken from the sides, and was covered with wet earth 
top soon the concrete was poured. The bottom was placed 
last, and the manholes were kept closed. was only such methods 
that shrinkage cracks could avoided, matter what kind cement 
was used. this way, mile after mile the outside conduit could 
built without any expansion joints and without transverse cracks. 
Leaving manhole open for week two would often cause trans- 
verse crack open within ft. Where the conduit has been filled 
since, these cracks, many instances have swelled shut. 
Mr. Richardson states that: 


“Unfortunately, data are available showing what proportion 
the silica any the materials occurring abroad, those 
California, soluble acid, hydrated silica this description 
which possesses the greatest hydraulic value.” 

the writer’s understanding that solubility alkali 
solution which desired. This laboratory determination made with 
dilute solution sodium carbonate. page 1206* the 
Bureau Standards quoted showing that 7.17 out 30.97 
parts the silica the briquettes made Fairmont tufa cement, 
23%, were soluble the mortar. test the pure pulverized 
Monolith tufa, the Monolith Laboratory, showed 8.4% soluble. 

Comparative analyses the German cements and the Monolith 
tufa are given Table 20. The information reference the 
German materials (referred Table from the report the 
Royal Testing 


20.—ANALYSES GERMAN TRASS AND MONOLITH TUFA. 


Germen trass. Monolith 
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analyses show striking similarity between the German trass 
and the Monolith tufa. The quantity sulphur shown Monolith 
unusually large this sample, and the 69.48% for total 
division having been made between soluble and insoluble. 

_The sample Italian tufa available the Monolith Laboratory 
shows only silica soluble dilute sodium carbonate. This 
sample was furnished through the American Consulate, and possibly 
may not typical. What was furnished Italian puzzuolana shows 
practically the same. 

Replying further Mr. Richardson, the tufa separately ground 
the ball mill, pass through 20-mesh screen, but the final 
grinding the blended tufa and cement done the tube mill. 
effort was made grind the cement clinker with the crushed 
tufa, but ground very slowly the tube mill. was also de- 
sirable save transportation charges, the final grinding and blending 
were done mostly distant points the work, where tufa was avail- 
able, thus saving half the freight. 

Mr. Wagoner quotes from printed “Report Municipally Manu- 
factured Cements the Los Angeles Aqueduct” made the American 
Portland Cement Manufacturers Association, party five engi- 
neers. The circulation the report has been suspended the Associa- 
tion. example its bias, illustration given test 
slab which was not portion the Aqueduct, and had been loaded 
destruction the city’s engineers, order test the concrete 
materials, used construction. the pamphlet this labeled 
“Slabs poor where cover Aqueduct has already 
collapsed and been replaced, desert west Mojave.” The writers 
that report state are three kinds the 
Aqueduct: good concrete made purchased cement; concrete 
made Monolith cement; and poor concrete made tufa cements. 
They state the places where these concretes are found, and amusing 
note that their “poor concretes” most cases actually were made 
purchased cements. 

The Monolith mill has been run for four years. The product, 
with minor exceptions, has been standard. The hydraulic index which 
Mr. Wagoner has taken exception to, has usually been about 2.0. 
not claimed that the mill infallible. Neither are other mills. 
has been watched closely cement manufacturers, and when 
was temporary trouble, due change the limestone quarry, 
was promptly investigated. The writer necessary 
refer all this report. Much more could said, but would 
involve local and business foreign this discussion. Table 
contains independent analysis Monolith cement. 

Mr. Wagoner suggests that tests with some standard 
cement made for the Profession. Many barrels tufa cement have 
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TABLE STANDARD CEMENT SPECIFICATIONS WITH TESTS MONOLITH (LOS ANGELES 
CITY) CEMENT, FURNISHED THE PARK DEPARTMENT, TESTED SMITH EMERY COMPANY, 


FEBRUARY, 


PHYSICAL TESTS. 


TENSILE STRENGTH, PER SQUARE INCH. 


Authority. Neat, Pure. part cement and parts sand. 
day. days days 
American Society for Testing Materials. 175 500 600 
Bureau Standards. None 500 600 
182 632 798 
Smith Emery Company Test....... 216 709 800 
244 656 
Time for 28-day test not yet expired. 
CHEMICAL TESTS. 
ercentage. Testing Materials. No. No. No. 
Fineness, through 200-mesh sieve................. 75% more 75% more 81.2 80.4 80.8 
Fineness, through 92% more 92% more 94.0 94.0 94.2 


The ratio the weight the aluminum silicate that the lime called the Hydraulic Index, and should high 1.91, the German 
cements showing 1.98, This analysis indicates for Monolith cement 2.08. (Note 


Mr. 
Lippincott. 


been made with both Colton and Riverside cement, 
the same results those made with Monolith cement. 

reply Mr. Mogensen, may stated that discrimina- 
tions have been made against tufa cements, Two reinforced con- 
crete towers have been successfully built tufa cement, well 
several flumes, and nine reinforced concrete pipes, ft. diameter, 
for heads ft. Many miles reinforced roof slab, in. 
thick, with span ft. in., have been successfully laid. The 
Haiwee Dam referred earthen structure with core; 
was used its Numerous prominent engi- 
neers. have examined the work, and, although most re- 
mote and region, every effort has been made aid in- 
vestigations the Profession. 

Approximately, the following quantities cement various classes 
have been used date the Los Angeles Aqueduct: 


Monolith standard cement................. 900 000 bbl. 


The contributions the discussion Messrs. Coghlan Paul 
are particular interest and value. Little may added these dis- 
cussions; they are commended those interested this subject. The 
writer agrees with Mr, Coghlan’s statement, referring 
suitable for blending, “that they are all dependent for their fitness 
the quantity colloidal active silica”; and that they should 
“be almost unaltered condition.” Mr. Paul’s tests, showing 
the results blending the ‘granites the Arrowrock Dam the 
Reclamation Service, are especially interesting, they broaden 
the opportunity for this The writer’s experience with the 
lavas from the Hawaiian Islands, though very limited, accord 
with that Mr. Coghlan. 

must constantly borne mind Eastern engineers, con- 
sidering this subject, that the prevailing price cement central 
points the Far West, about per bbl., and that transportation 
charges are high. Engineers this region are anxious build the 
necessary works with the available funds. The saving the Los 
Angeles Aqueduct, due the use tufa cement, will amount about 

Mr. Peterson’s gives the engineer who 
has used tufa cement for three years, and, for this reason, 
value. 

Mr. Luiggi, who Inspector General the Royal Civil Engineers 
(of Italy) and Professor Maritime Construction the Royal School 
Civil Engineers, gives discussion the subject. 
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referring both the old Roman cements, made lime and puzzuolana 
(tufa), and the blending Portland cement with puzzuolana. has 
practiced this latter blending since 1888. approves the practice, 


and states that “quite correct, both with regard the cost and 
the durability the work.” 


Mr. O’Hara quotes Professor Eakle, the University Cali- 
fornia, stating: 

“The rock ground with the cement used the Los Angeles 
Aqueduct, rhyolite-tuff trachyte-tuff, which, when finely 
ground, will possess the same characteristics finely ground clay.” 


Mr. O’Hara then makes the deduction that “the cement produced 
the method used Monolith and Haiwee, Cal., similar cement 
adulterated with clay.” Presumably, gets this information from the 
pamphlet issued the Association American Portland Cement 
Manufacturers. The writer, having communicated with Professor 
Eakle and his attention the paper and Mr. O’Hara’s dis- 
cussion, received, under date February 27th, 1913, the following: 


“Your letter February 26th, informing that had been quoted 
cement manufacturers was news me, and have looked the 
quotation which you refer. rather the dark regarding 
the matter, both the gentlemen using name and the rock 
question are unknown However, constantly receive samples 
rock for identification, and always try accommodate the sender 
with whatever information can give, and the persons sending 
material seldom give the localities state what they wish 
with report, only hear later some roundabout way 
this.” 


After receiving this communication, the writer forwarded samples 
the tufa from the Fairmont quarries Professor Eakle for indentifi- 
and for expression opinion. was requested put this 
such form permit publication. The following letter has been 
received compliance with this request: 


“The samples tuff you sent cannot classed strictly fresh 
rocks, the original more less glassy base has become devitrified, 
portion the alkalies leached out, and the considerably 
hydrated. The alteration has, however, been more the nature 
incipient kaolinization and silification producing hardened stony base, 
shown the gritty powder, the value the rock for the use you 
make has not materially suffered the slight change. The 
amount alumina the tuffs rather high and there doubt 
that extra amount clay-like material added the cement, but 
your experiments and those German seem prove 
conclusively that such rocks not act adulterants, but, the 


_other hand, produce better and stronger cement, properly used. 


Much the free silica and alumina silicate these tuffs more 
soluble state than ordinary clay and quartz sand, and 
presumably due this fact that the tuffs have their value. Their 
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solubility shown treatment with HCl and with alkali carbonates, 


Mr. 
and also shown the field where many have become 


silicified and often impregnated with opal, deposited from the colloidal 


‘silica formed. When these tuffs are ground intimately with cement, 


every portion this soluble silica and silicate comes into contact 
with the lime, and during the gradual drying out the moist mass, 
chemical action taking place form lime silicate. The longer 
you ean keep the interior mass moist, the more complete should the 
crystallization and the stronger the mass. quick setting would ex- 
pect the tuffs act more adulterant. would interesting and 
value know thin sections the cement different periods 
solidification would not show what taking place. The tuffs you 
sent are rhyolite tuffs. Your article states you use equal parts 
cement and tuffs, but the analysis the Monolith cement shows 
proportion about one part tuff three parts There 
these analyses. The tuff cement has more water than 
the tuff and the amount alumina not larger than some Portland 
cements contain, and the total allows nothing for alkalies which 
must present. 

would like offer suggestion about the name ‘Tufa 
which you use. has become the custom with petrologists and 
geologists, least this country, use the word ‘tufa’ for calcareous 
deposits, and ‘tuff? for ash rocks; might better 
call the cement 

“You are perfectly welcome make use anything this letter 
you may find assistance.” 


With reference Professor Eakle’s comment discrepancy 
the analyses, should remembered that the pulverized tufa 
blended with the cement the mills equal parts volume. The 
ratios are: 60% weight of. cement 40% weight tufa, ap- 
proximately. The mixture for this sample, the analysis which 
given Table was equal parts volume, The analyses, 
course, show percentages weight. According the writer’s com- 
putations, there the following relation between the analyses given 


theoretical quantities which should occur: 


Silica. Iron and Lime. 
Theoretical quantities.... 41.1 10.87 38.19 


The percentages shown these different analyses, either for the 


cement for the tufas, will vary from time time, and cannot 
expected check absolutely. The quantity silica the tufa used 


this blend unusually high. 
Mr. O’Hara quotes from the Corps Engineers,* 
follows: 


cement never becomes extremely hard like Portland, but 
puzzolan mortars and concretes are tougher less brittle than Port- 
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land. unfit for use when subjected mechanical 
wear, attrition, blows.” 


order test the tufa cements for attrition, twenty pieces 
briquettes tufa cement (50% volume being tufa and 50% 
volume Monolith cement, mixed with parts standard sand) which 
had attained age one year, were revolved the small laboratory 
ball mill with flint pebbles; and twenty pieces broken straight 
cement briquettes which had been tested for tension, which were 
year old, and had been mixed with parts standard sand, were 
treated similar manner. The tensile strength the briquettes 
tufa cement was about the same those straight cement, each set 
having averaged more than 400 lb. The briquettes were weighed sepa- 
rately before being subjected the rattler test, and were weighed 
equal intervals time the test proceeded. The briquettes tufa 
cement were run separately from those straight cement, because 
was difficult distinguish between them after the grinding 
ceeded for some time. The results are given Table 22. 


TABLE TESTS TUFA CEMENT AND STRAIGHT 
CEMENT BRIQUETTES MADE WITH PARTS STANDARD SAND. 


The percentages represent the loss weight. 


This test indicates that, for periods min., the tufa briquettes 
stood abrasion better than those straight cement; that, for the 2-hour 
run, they were practically the same; and that the 5-hour run the 
straight cement showed superiority about per cent. has been 
established the tensile strength tests, that the tufa slower 
hardening than the straight cement, and would appear that the 
outer portion the tufa briquettes had attained greater hardness 
than those straight cement, but that the interior was not yet hard. 
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much gratified with the reception accorded his paper and the thought- 
ful discussion has brought forth. Mr. Gray intimates that the 
writer’s experience with the mosquito problem has been largely obtained 
territory where mosquitoes are more nuisance than menace 
health. Are not all kinds mosquitoes menace health? Nature 
provides period sleep maintain health. Mosquitoes which dis- 
turb that sleep surely affect one’s health; and the greater their num- 
ber the greater the menace. Recreation the open air and sunshine 
maintains health; therefore, pest any variety that 
drives one indoors menace health. 

There are many times more non-malarial than malarial mosquitoes 
breeding the State New Jersey. The malarial mosquito may 
breed almost anywhere, even salt marshes, and any campaigning 
against must, necessity, call for the inspection all quiescent 
waters. The cost inspection the largest part the cost ex- 
termination. Seeking for malarial mosquito larve will lead the in- 
spector the larve non-malarial mosquitoes. The destruction 
non-malarial larve adds but trifle the expense campaign 
against malaria, and, the interest health, such campaign should 
directed against every kind mosquito. 

Mr. Gray states that the problem “becomes urban problem only 
when there lax administration the municipal departments health 
and public works.” the City New York, the Department 
Health fully alive the importance mosquito prevention. 
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lax only hampered lack funds. large portion the 
Borough Brooklyn pest-ridden with salt-marsh mosquitoes which 
breed acres Jamaica Bay within the 
limits the The Borough authorities have not $10 ex- 
pend for this purpose will cost about ditch 
these marshes alone, and it-is annual expenditure 
Brooklyn from the mosquito pest. This sum would cost the people 
residing there less than cents per annum per inhabitant. While 
salt-marsh mosquitoes probably furnish 75% the pest Brooklyn, 
there are thousands fresh-water breeding places where the common 
house mosquitoes breed. are greater nuisance individually 
than the marsh mosquitoes, because they get indoors and sing and bite 
all night. 

Mosquito breeding Prospect Park, Brooklyn, has been known 

and talked publicly for the last ten years, yet the present time 
the City health authorities have not the funds prevent it. Citizens 
Brooklyn have ‘formed association and are raising fund 
$60 000 subscription start the work. 
The writer became interested forming county mosquito exter- 
mination commissions because, after ten years endeavor, failed 
obtain the co-operation adjoining communities anti- -mosquito 
work effectively. 

Mr. Gray concurs the “selection the.county proper unit 
mosquito control operations with the condition that the 
field the county’s operations shall not include incorporated cities.” 

The Board Health Newark, J., for five six years, 
expended about $5000 $7000 annually. This was about one- 
sixth the sum required the work effectively within the 
city limits. After the work was taken over the County Com- 
mission, the summer 1912, more than breeding places were 
discovered the city, entirely outside salt-marsh areas. Newark 
has well-organized and highly intelligent Board Health, but 
was limited financially. Breeding was stopped certain extent, 
but not enough satisfy the citizens, will appear from the following 
editorial comments Newark papers: 


The Newark Evening Star the 15th July, 1912, said: 


“In previous summer season were Newark and its suburbs 
free from the pest during the present season. year many 
localities the infliction was unendurable, and the change most 
grateful large population. The money ‘appropriated for this blessed 
work the best public investment ever made the county. 
being richly repaid benefits.” 


August 17th, the same paper stated: “The mosquito extermina- 
tion act has been amply justified results.” 

The. Newark News, July 13th, 1912; said: 

“After just two months activity, backed adequate appro- 
priation, has been demonstrated that the work the Essex County 
Extermination Commission definite results. 
After this comparatively short time, results are visible 


the lessened number the pests that find their way into and 
within the confines screened porches.” 


July 24th the Newark Evening News stated: 
“Sh-h-h! 


“Have you noticed it, are dreaming! seems almost too, 
true. 
“Has the wily mosquito left us?” 


The writer feels that necessary include incorporated cities 
connection with county work. county tax paid 
payers the cities well the villages. county commission should 
expend the money collected taxation for the benefit the people 
who pay 

Mr. Gray convinced that “the special commis- 
sions unnecessary multiplication executive bodies the county 
government”; and states, further, that “no department county gov- 
ernment, the average, remarkable for its intelligence and efficiency” 
and “that there assurance that special commission will show 
greater efficiency than the existing component parts the county 
government.” 

The assurance offered the New Jersey law, included the paper, 
that these commissions shall intelligent and efficient, that they 
shall appointed the Supreme Court Judge each county and shall 
serve without salary. Mr. Gray states that, California, there 
erying need anti-mosquito work, and that practically nothing has 
been done the county governments. 

states further: “the county officials have provided funds 
although the economic loss this county [Tehama] from 
malaria certainly not less than annually.” better argu- 
ment can possibly put forth for the necessity the appointment 
specially selected men for carrying out definite public work. 

Mr. Gray says that “highly successful prosecution, requires marked 
abilities educator and publicist, well unique combination 
thorough knowledge engineering, parasitology, hygiene, vital 
statistics, law, and government.” 

The Essex County Mosquito Extermination Commission com- 
posed ‘of: Two doctors, one civil engineer, one retired quartermaster- 
general, one successful business man, and one grain merchant, all 
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ing proven previous service that they were 
This Commission has been successful. 

Mr. Rosenthal refers the mosquito pest the Philippines, which 
followed the introduction numerous uncovered wooden water tanks 
and barrels, “man-made water holders.” 

Mr. Felt speaks with authority when refers the incidental pool, 
roadside otherwise, being more prolific the production 
mosquitoes than the larger bodies water frequently viewed with 
distrust the general public. His suggestion suspend small con- 
tainer filled with oil and adjusted drip slowly into catch- 
basin has been tried Newark, The plan proved effective 
only when the catch-basins were kept clean. After some days they be- 
come partly filled with dirt, and this the oil may drip and not reach 
the water; for that reason the plan was abandoned. The catch-basin 
covers are now removed, and the oil sprayed all over the surface 
the water. What wanted mosquito-proof catch-basin which 
needs inspection oil. 

Dr. Hunt views the subject largely from medical standpoint. The 
Supreme Court Judge Essex County was fortunate having found 
man Dr. Hunt’s ability and zeal serve commissioner. 
Where county commissions are appointed Supreme Court Judges, 
the latter would well select one more progressive medical men 
serve the commission, because such men can usually de- 
pended intelligent and unselfish their desire relieve the 
people from the pest. 

Mr. Rutherfurd refers the problem Connecticut and Bill 
placing the marsh-drainage work and funds the hands 
the Director the State Agricultural Station. The conditions 
Connecticut are peculiar, fully 75% the population being affected 
mosquito pest breeding along the borders the State. There 
hardly county which will not benefited the elimination the 
salt-marsh pest; State nuisance, and good beginning will 
made the passage the Bill. 

The writer endorses Mr. Britton’s suggestion, which states 
that great educational campaign needed.” ‘During the season 
1912 the Essex County Mosquito Extermination Commission issued 
cards hung houses. These cards illustrate how mosqui- 
toes breed, and give methods for the prevention breeding. 

The real value educational campaign, however, mould- 
ing public opinion uphold organized effort for anti-mosquito work. 
One error frequently made expect that people when they know 
how the mosquito pest can eliminated, will look after their own 
premises individually. Experience during ten years has taught the 
writer that less than the population will anything the sort: 


better illustration that can found than the fact that the in- 
spectors employed the Essex County Mosquito Extermination Com- 
mission found mosquitoes breeding the rear the writer’s stables. 

reference the cost anti-mosquito work, the following 
data may serve rough basis for making estimates: 

Port Said, with 50000 population and compactly built, controls 
its mosquito pest for cents per inhabitant per annum. Ismailia, 
open village, with 10000 population, expends cents per inhabitant 
per annum. 

Klang and Port Swettenham, miles apart, have combined 
population 3000 and spend $4.72 per 

Mr. Means, his refers anti-mosquito work the 
Sacramento Valley, Cal., territory about 10000 acres and 200 
people per inhabitant per annum. This, however, only cents 
per acre per annum. 

The estimated cost for the Borough Brooklyn (Kings County), 
with population cents per inhabitant per annum. 

tion, the cost effective work about cents per inhabitant per 
annum, average $1.50 per acre per annum. 

The estimated cost keeping New Jersey reasonably free from 
the pest cents per inhabitant per annum, average cents 
per acre. This sum provided for under the New Jersey law quoted 
the paper. 

Panama, the entire sanitation the Canal Zone costs approxi- 
mately $2.43 per inhabitant per annum, and the cost per acre $1.14. 
(This about the cost the Canal.) The breeding season 
twice long that the latitude New York Washington, 
and probably only one-half the sum expended was for anti-mosquito 
work. order compare the Panama Canal Zone with New Jersey, 
these costs must divided two, separate the mosquito work from 
other sanitary work; and two again, because the breeding season 
twice long Panama; and again two, compensate for the 
vast difference rainfall. The result cents per inhabitant, 
cents per acre per annum. 
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writer pleased with the kindly reception this paper members 
the Society. was his purpose engage the interest engineers 
the importance this subject, rather than write treatise 
camp sanitation. For this reason, brevity was considered essential, 
and the subject matter was confined statement underlying 
principles, with illustrations simple methods applying these prin- 
ciples practice. The gentlemen who have kindly contributed the 
discussion this paper have described methods and equipment which, 
adapted local conditions, will work well as, not better than, 
those described the writer, which were given illustrations 
simply because they had been tried out under difficult conditions and 
had proved effective. 

oversight which the writer regrets that due credit was not 
given for Fig. Plate and Plate CXXXI. These photographs 
were kindly furnished Herms, Assistant Professor Applied 
Parasitology, University California, advance publication his 
recent book, “Malaria—Cause and Control.” 

Mr. Winsor’s discussion brings out several important points. His 
statement, “under all conditions, incineration [of excreta and urine] 
much preferred the latrines suggested the writer,” needs 
qualification. the fundamental principles waste disposal, 
the method general satisfactory (1) during collection the 
wastes are inaccessible external agencies (e. g., flies), 
ing collection they not constitute nuisance, and (3) they are finally 
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disposed such manner neither create nuisance nor 
permit infection. Given two more satisfactory methods dis- 
posal, the decision must rest most economical method re- 
gards cost installation and maintenance. 

The minimum limitation air space sleeping quarters 400 
cu. ft. per has real the light 
better criterion for the efficiency “For example, space 
100 cu. ft. per completely four times hour 
will general give better results than space 400 cu. ft. changed 
only once. Small ventilator openings near the ceilings rooms are 
cheap and. effective. addition, the men should eneouraged 
sleep with windows open. 

The writer cannot agree with Mr. Winsor that the enforcement 
sanitary regulations very difficult matter, unless difficult 
combine tact with firmness handling men. has lived 
camps for long periods, close personal contact with laborers 
various types, and has reason believe that they appreciate square 
deal, and that disposition the part the contractor have some 
regard for their comfort and health will met more than 
the majority. Pride the cleanliness the camp can easily 
obtained. The illustration given Mr. Payrow’s last paragraph 
significant. 

Mr. Britton has indicated certain legal phases the subject. 
view some recent decisions, now possible for employee suc- 
cessfully sue for damages account sickness incurred camp, 
negligence the part the contractor can proved. The im- 
periling the health communities adjacent camps reason 
unsanitary conditions prevailing therein matter within the juris- 
diction local and State health officers, and failure secure proper 
conditions this respect primarily the neglect duty public 
officials, though the contractor can means excused because 
lax enforcement the law. 

reply Mr. Austin’s query screens, may stated that 
bronze and copper screens not deteriorate rapidly iron, espe- 
cially moist climates; they are therefore more economical the long 
run, and are recommended for all except temporary camps. 
rusted and broken screen worse than useless, Mr. Austin’s sugges- 
tion clause contracts requiring the contractor maintain 
proper sanitation camps excellent, and will work the benefit 
contractor and owner alike. 

Mr. Payrow’s camp layout, though general excellent, has one de- 
fect. will invariably better separate completely the commissary 
and mess-house from the sleeping quarters least ft.; winter, 
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closed passage between the two may permitted. The use 


formaldehyde described was undoubtedly extravagance, has 
effect flies, either adults contact poison, except 
high concentrations and prohibitive cost. warm weather, 
few dishes sweetened formaldehyde exposed where the flies tend 
congregate will kill large numbers (the flies drink eagerly). 
Pyroligneous acid sprayed about places where flies tend congregate 
will found useful deterrent; but, proper attention paid 
the disposal wastes (excreta, garbage, manure, etc.), flies, 
rule, will few that the use poisons and deterrents 
unnecessary. 

Mr. Payrow mentions the use disinfectants. The distinction 
between disinfectants, insecticides, and deodorants should borne 
mind, and article suited the intended purpose purchased. 
buying disinfectants proper, the manufacturer should required 
give (especially proprietary compound) guaranty the 
potency the product terms the Laboratory 
phenol coefficient, determined analysis samples reput- 
able laboratory. The disinfectant should purchased the basis 
unit cost (price per gallon divided the phenol coefficient), selecting, 
course, the cheapest unit cost thus determined. Such disin- 
solution acid. proper cleanliness observed, however, 
disinfectants will seldom necessary. 

The writer thanks Mr. Miller for his illustration concrete ex- 
ample the value proper sanitation camps. regrets that more 
such illustrations were not presented, and considers this indication 
that proper camp conditions are the exception. 

The spirit Mr. Hardman’s criticism especially fine. The writer 
freely admits that far more interested, citizen, the 
altruistic phase the question; but his endeavor was make this 
paper engineering interest. intentionally addressed his argu- 
ment the pocketbooks engineers and contractors. sincerely 
hopes, however, that, for the honor the Profession, the members 
this Society will moved this matter much their obliga- 
tions citizens any economic benefits derived. 


Gray. 
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valuable and interesting for several reasons. gives chrono- 
logical order the history irrigation the Imperial Valley, culminat- 
ing the terrible battles with the gigantic and treacherous. Colorado; 
records the impressions and beliefs, after sober second thought, 
one who was there responsible charge during the months and years 
greatest stress, and, above all, especially pleasing the writer 
because the author takes occasion show how unealled for was the 
hysteria which accused Mr. Rockwood having made criminal 
blunder opening the cut through which the river made the 

March, 1903, the writer made trip down the Colorado River 
rowboat, starting Yuma and going place known locally 
“Mike’s Landing,” which was about miles river below 
Yuma and near the head tide-water. return trip was made 
wagon, through the delta lands west the river, along the west 
bank Volcano Lake, and Calexico. 

this trip, which was made Yuma gauge 18.3, about 
1.5 ft. above low water for that season, was noted that the height 
the river banks varied from the surface the 
water. The maximum flood 1902 was 24.5 the Yuma gauge, 
and, judging from the high-water marks the trees, filled the river 
trifle more than bank-full, whether the banks were ft. high. 
Apparently, much water escaped soon the banks were topped 
that the rise ceased. After passing point about where the crevasse 
1905 afterward occurred, where the width the channel was 
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800 ft. more, the latter narrowed, water was spilled over the banks, 
ing. These apparently did not overflow deeply—although that time 
there had not been for many years such enormous discharges have 
come during the last years. 

leaving the landing, the led from the 
river for, about miles and then veered the northward, toward 
Voleano Lake. The high-water marks showed that there was rapid 
fall the ground the river was left behind. course, these marks 
were not level, but fell away from the river, drift showed that the 
current had been that direction. .The fall mentioned the author* 
—from ft. the first 3000 ft.—was found, being nearer the 
latter figure. After that, the fall was more gradual. 

going north was noted that each flood-water channel crossed 
was running ridge similar to, but much smaller than, that 
which the main river ran. 

result that trip, the writer was impressed with the idea 
that the Colorado was nearing epochal change its course 
well known that alluvial stream builds its banks 
and beds across its delta until lies ridge; and that finally 
the time comes when the river breaks away from ridge, takes 
new course the sea across the lower portion the delta, and 
proceeds build another When the stream reaches this 
tion instability impossible, except great expense, keep 
the high ground. The writer idea, however, that the river 
would break into the Imperial Valley, but believed that. the ridge 
north Voleano Lake and the embankment along. the canal the 
Development Company, would prevent such diversion. 

Subsequent events have confirmed this idea, and the writer now 
the opinion that money which may spent attempting 
the Abejas Crevasse will wasted, because, even 
closed and held, the river will break out again somewhere else. 

The author has shown quite clearly+ that serious grade recession 
has resulted from the Abejas ‘Crevasse. the river has-been running 
through this opening years, during which time there have come 
the two largest floods ever known, fair assume that further 
grade recession will oceur, but that delta forming; pointing 
toward Volcano Lake, and tendency henceforward for 
the bed the river rise. danger the water supply 
the California Development Company nor Laguna Dam. is. 
change, allow the river own the Gulf, and protect 
the Imperial Valley raising and strengthening the levee 
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which lies north Voleano Lake and extends back the river. For 
the valley this will sure protection, which the closing the Abejas 
Crevasse would not afford for any length time. 

Attention called the narrow gorge between levees, which be- 
gins opposite Andrade and extends for miles down stream. The 
levees average about 1500 ft. apart, with width river channel 
1000 ft.; that is, the average berm each side between the river 
and the levee only 250 ft., and, some places, probably 
narrower. This condition shown Plate 

If, during some flood, the current the river should deflected 
strike the right bank, and scouring began, the writer’s 
belief that the levee and canal bank would eaten away like sugar, 
and the river would diverted into the canal and down the Alamo, 
again reaching the Salton Sea. 

prevent this diversion, safety gate can built about miles 
below the Hind Dam (see Plate CXVIII*). this point, the Rock- 
wood Crevasse channel touches the sand hills the north, and cross- 
levee could built from the gate the main levee the south. 
there much fall, drop would probably needed. this might 
placed gates, thought best, which could used for sluicing sand 
from the canal above. 

The writer was the ground several times prior the closure 
the crevasse the Hind Dam, and was strongly impressed with 
the danger the river “sideswiping” the canal this narrow stretch. 
starts shift, the efforts man stop will seem puny 
comparison with the immense destructive force the current. 
stated that, the Edinger Dam, piles, ft. long, were driven more 
than ft. into the bed the river, and that, when the flood struck 
them, they scoured out and floated away; they were not broken, but 
came out bodily. Attention called the author’s statement that, 
1907 and again 1909, was found that for increase ft. 
the gauge height Yuma there was lowering the bed about 
ft.+ This was where the river was flowing straight and un- 
impeded channel. not possible say how deep would scour 
sharp bend. would deep enough, however, undermine and 
destroy the levee, regardless any rip-rapping which might its 
face, any rock which might hastily dumped into the river. 
the writer’s belief that this serious menace the Imperial 
Valley. The fact that the river channel now practically straight for 
about miles almost proof positive—bearing mind the idiosyn- 
alluvial stream—that will not remain that condition 


very long. Whichever way the bend may start, the current will soon’ 


attacking both sides, will rebound from one bank the other. 
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writer that road built under the author’s specifications would un- 
doubtedly have good wearing qualities did not become too dry. 
suggested, therefore, that frequent sprinkling application 
oil would insure its lasting quality the same ratio that its original 
value might bear that ‘of road built the alternative method. 

The presentation this paper reminds the writer piece 
macadam road which the author constructed private estate 
Virginia. About miles ordinary country road were macadamized, 
and highway bridge was built over tributary the Shenandoah 
River. The macadam work consisted 12-ft. roadway, which was 
“metalled” according the specifications this so-called improved 
method, with berms earth ft. wide each side, and with under- 
drains outside these, noted later. This road wearing very well, 
after years such traffic country roads ordinarily get from heavy 
farm wagons and occasional automobiles; and, although compara- 
tive values are obtainable, its good condition believed due 
partly the fact that under-drains, trench in. wide and ft. 
deep, and surrounded with broken stone, were laid uniform grade 
each side, giving perfect drainage the highway. The rock used 
was the native blue limestone, quarried and crushed the estate. 

connection with this work, the writer designed con- 
crete highway bridge, which was built the author. The question 
surfacing the roadway the bridge was important one. was 
not deemed advisable carry the macadam over the roadway, 

Continued from March, 1913, Proceedings. 
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was thought that its tendency dry out and disintegrate would 
much greater than ordinary road contact with earth. The 
following method was finally adopted: The upper compression side 
the concrete was troweled very compact and smooth surface, 
and, this, there was placed about in. lean cement mortar, over 
which, turn, from in. sand was sprinkled before the mortar 
had set. The bridge has now been use about years, and this 
surface apparently giving satisfaction. this method surfacing 
was the nature experiment, the writer will greatly inter- 
ested observing from time time the wearing qualities which 
develops. 
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much interested the subject presented this paper, inasmuch 
was officially connected with the progressive changes made the 
proposed plans, and the final acceptance the bridge after comple- 
tion. The local struggles with bad foundations make the construction 
the “Dumbarton one the most instructive pieces 
bridgework the State California. 

The first trouble encountered was when attempt was made 
ordinary trestle approaches from the shore line each side out 
the site the draw span. These approaches, well the draw span, 
were double-track structures. After long and expensive struggle, 


Mr. 
Conte. 


was found impossible maintain trestle bridge the deep, 


and strong tidal currents which prevail the bridge site. was 
finally concluded put six 180-ft. through riveted spans, three 
each side the draw span. This caused great increase the cost, 
which was naturally very embarrassing. 

The troubles with bad foundations, however, had just begun de- 
velop. For the land approach across the salt marsh from Newark, 
westward the bay shore, the plan adopted was build the embank- 
ment dredging two canals (one each side), and depositing the 
material the embankment lying between. This method led much 
trouble the maintenance way. The first tracks laid, course, 
were only for construction trains, but the embankment settled 
irregularly that the track lines could not kept passable, even for 


This discussion (of the paper Schneider, Am. Soc. ublished 
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them, which means great deal one experience. This trouble 
continued during the time the construction the steel bridge 
its entirety. The track lines could maintained. 
condition, because the settlement the embankment and the gradual 
rising the beds the two canals side. Finally, the Southern 
Pacific Company, desperation, obtained two hydraulic dredges, and 
put them work filling the two canals with good heavy materials, 
dredged from the bay shore and deposited through two long pipe lines. 
This expedient had the and settlement the embank- 
ment practically came end. The permanent track lines were then 
established and well ballasted, and the “Dumbarton 
operations, was opened general traffic 
September 30th, 1910. 

The author’s description the method putting the center 
pier the draw span most interesting and instructive. course, 
engineers differ the best method laying concrete under water. 
The writer decidedly favor the judicious use the 
being the most rapid, and therefore the most satisfactory, method. 
The principle bear constantly mind that, where the face the 
freshly laid being constantly washed the ponded water, 
the faster the concrete laid the less effect the water will have it. 
rushing the rate laying, the water has not time enough act 
any one face before new layer right top it, hence, the 
quicker the laying done, the better the results. 

This principle was first called the writer’s attention in’ 1872, 
the late Gen. Alexander, Corps Engineers, who 
stated that got from the late Gen. Joseph Gilbert Totten, Corps 
Engineers, Hon. Am. E., Dry Tortugas, off 
the south end Florida. The experience, therefore, long 

The writer wishes express his profound regards for the late Mr. 
Marsh, Assistant Engineer, Southern Pacific Company, who 
extended many him during his official inspections. The 


Dumbarton Bridge stands to-day lasting monument wise judg- 


Mr. 
Coombs. 


ment and good construction. 


impressed with the size the piles used, the lengths being from 
120 ft. and the diameter the tips either in. the East 
such sizes are not obtainable for ordinary work. The question arises: 
Was thought necessary use large tips order the 
bearing power the piles, necessity not indicated, least the 
speaker’s mind, the underlying soil was sand and clay? 

certain proportion the foundation piles extended into the 
piers, presumably anchorage, and the speaker would in- 
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quire whether such piles were peeled. several cases which the 
concrete foundations were very shallow, the speaker has extended the 
piles far possible into the using peeled piles with spikes 
driven into sides the embedded portion. The exact anchorage 
value this method not definitely known, but undoubtedly 
considerable. 

Referring the advisability penetrating so-called crusts, the 
speaker believes usually necessary pile work, particu- 
larly where the “crust” vegetable deposit underlaid sand 
clay, both. some sections the New Jersey swamps there 
peat-like deposit about ft. deep, which, unbroken, might carry 
highway load, but useless for pile foundations. However, the sand 
and clay below will support heavy loads skin friction very 
effectually. 

not true that the old formula for the drop-hammer just 
inaccurate any new formula for the steam-hammer? not pile- 
driving mainly matter judgment? the speaker’s opinion, is. 

illustration, two more less typical experiences may 
cited: one, the foreman informed the speaker that had just 
driven spliced pile 190 ft. long. Naturally, was once assured 
that had not done anything the kind. The fact was that, through 
conscientious attempt obtain the usual penetration per blow, the 
piles were being broken the splices and driven horizontally. Hard 
bottom was not more than ft. below the surface. 

the second case, piles from ft. long, driven blue clay, 
for wharf, were stopped under easy driving prevent them from 
going below cut-off. few months later, stevedores unloaded 
rails the wharf, piling them ft. high, and there was settlement. 
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proof facts which are well known the experienced 
worker reinforced concrete, but are often questioned engineers 
and architects. They prove clearly that joints reinforced concrete 
construction can made.as strong monolithic piece work, 
provided they are amply reinforced. hoped that they will 
studied engineers and architects, and that study this kind will 
prevent such experience happened the writer some years ago 
Salt Lake was constructing some girders 52-ft. span, 
and the architect compelled the men finish the girders and slabs 
one operation, making them work hours stretch and thereby 
disorganizing the whole gang for week. 

These tests also demonstrate clearly the great influence stirrups 
the strength reinforced concrete 

Beams Type having the same longitudinal reinforcement 
those Type but not many stirrups, show, the average, 17% 
less strength than the latter. the calculation these stirrups, 


Mr. 


will interest apply the rules recommended the Joint 


Committee. The area both legs round stirrup 0.153 
sq. in., and that round stirrup 0.0553 The safe shear 
these beams will be, assumed one-eighth the total load 
given Table and amount 6350 for beams Type and 
for beams Type The Joint Committee recommends 

*This discussion (of the paper Lewis Am. Soc. E., and John 
Nichols, Jun. Am. Soc. E., published February, 1913, Proceedings, and presented the 
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the use only two-thirds these values the formula; they are, 

therefore, lb. Type and 3580 lb. Type assuming 

in., then the spacing the stirrups for Type equals 

which not very good agreement. 

From other tests, the writer has reason believe that beam 
with the same but without stirrups, would 
safe shear lb. 

Assuming that the excess shear taken the stirrups, 

which better agreement, and shows that the stirrups 
Type are more highly stressed than those Type although 
these stresses are probably fictitious. 

According the authors, the reinforcing bars were probably cold 
twisted. the writer’s opinion, however, they certainly were cold 
twisted, and are equivalent high-carbon steel bars. 

According the Chicago building ordinance, stress 
allowed for this grade steel. very important note that 
safety only 3.25, and Type beams 650 showing factor 
safety only 2.87, bending. the other hand, tests made 
Professor Schiile, Ziirich, Switzerland, and others, prove that 
concrete beams with low end shear, and reinforced with steel this 
grade, have failed stress the steel about lb. per sq. in., 
and some tests with higher grade steel, show stress high 
140 000 lb. per sq. in. This poor showing the longitudinal rein- 
forcement, the case beams with high end shear, confirmed 
great number practically identical tests monolithic beams made 
Professor Bach, Stuttgart, 1911. order gain high 
resistance shear, therefore, have sacrifice high resistance 
bending. 

also very important note that the weight the stirrups 
beams Type with stem width only in. and total 
height only in., 2.2 lb. per lin. ft. beam, 33% the 
weight the longitudinal reinforcement. tests had been made 
beams with stem width in. (such beams often occurring 
practice), the weight the stirrups would have amounted 
per lin. ft. 


Stirrups cost very much more per pound place than longitudinal 


then the stress beams Type equals 
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reinforcement, very often from 100% more, and clear that 
cheaper increase the width the stem than provide such 
excess stirrups. 

The writer cannot agree with the authors’ conclusion, that allow- 
able stress 125 lb. shear low enough. the contrary, con- 
siders limit which should only adopted very rarely, and then 
only experts, leads uneconomical and dangerous designs. 
This high resistance end shear could not have been obtained the 
anchorages both straight and bent bars had not been unusually well 
designed, which rarely done practice. Ordinary hooks, 
in. long, would never have given these high results. 

also evident that the substitution plain, round, high-carbon 
bars for the twisted bars, would have somewhat delayed the splitting 
the beams the ends. 

The tests beams Type are certainly must 
kept mind, however, that the stress the longitudinal reinforce- 
ment very low, that the weight the stirrups 66% that 
the longitudinal reinforcement, and that their cost certainly greater 
than that corresponding increase width the web. Professor 
Bach also made great number tests beams similar Type 
but obtained shearing stresses only 550 per sq. in. 

the tests made Professor Bach, and more the tests 
described this paper, especially for beams Type the span 
unusually small. well known that the results for resistance 
shearing and bond the concrete the steel rods are more favorable 
beams small span, and the high shear 880 lb? could never have 
been obtained test beam ft. long. 
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scribed Mr. Ramsbotham noteworthy reason the unusual 
conditions surrounding the driving the steel sheet-piling, the varied 
character the ground through which was driven, and the extreme 
penetration obtained the shore side, that is, the back the embay- 
ment for the pumping station. 

designing the bracing the author evidently desired use 
uniform size timber throughout, with little framing possible, 
and, had been necessary brace the dam for the full depth the 
diagram shown Fig. the spacing the wales near the bottom 
would have been too close, far the strength the steel skin 
was concerned. Within the limits which excavation actually 
progressed, the spacing approximated very closely that which the 
manufacturers the piling but greater depths this, 
necessarily, depends more the character the ground than any 
theoretical considerations. The details the bracing are accord- 
ance with modern American practice, but the hardness the jarrah 
wood used evidently permitted the omission short foot-blocks 
each end the shores, the lower tiers bracing, such are com- 
monly used the United States reduce the span the wales and 
prevent the end the shore cutting into the face the waling, 
something which the writer has observed several times relatively deep 
coffer-dams which these foot-blocks were omitted. The bracing 
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whole was designed for water pressure, but, from the conditions 
shown the diagrams, that portion the coffer-dam forming the 
shore side the embayment for the pumping station was subjected 
earth pressure, and would interesting learn whether there was 
any indication this exceeding the calculated water pressure. That 
something the sort was anticipated shown the use the con- 
crete anchors with wire cable ties shown Figs. and 

The author has made several suggestions the manufacturers 
the steel sheet-piling, and justice the latter should stated 
that the pamphlet* published them 1912, covers most the points 
which attention has been drawn. copy this pamphlet 
the Library the Society, and therefore available for reference 
members. 

view the large area 453 sq. ft.—and the 
severe leakage from the bottom, one might assume that leakage through 
the joints the steel sheet-piling was not serious factor; some in- 
that the rapid corrosion the steel the discharge sulphureted 
hydrogen would rapidly check any leaks which might exist. 

The author should have the thanks the entire Profession for his 
very careful description grouting the bottom, this subject 
which but scant information can gleaned from published engineer- 
ing works. 
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ask Mr. Groat Mr. Hoyt whether any the current meters men- 
tioned—the Haskell, the Price, the Ellis, perhaps the admirable 
German instruments—after being rated fresh water (still water, 
course), have been used salt water; and what percentage ac- 
curacy can obtained with such meters salt water? 

such instruments have been rectified against corrosion, and 
against short-circuiting, can they relied when used salt 


Groat, Assoc. Am. Soc. (by one will mr. 
examine the papers and discussions concerning current meters pub- 
lished since the original study was made Frederic Stearns, Past- 
President, Am. E., will found that there much 
uncertainty among engineers concerning the reliability these instru- 
ments, with which, the present time, there does not seem have 
been any generally satisfactory and generally adopted practice. These 
facts are sharp contrast those connected with the use other engi- 
instruments, such the transit and level. method can 
deemed generally satisfactory until meets the general approval 
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practitioners. long there lack agreement between various 
classes current-meter observers, not only the general method 
ments, there can such thing satisfactory current-meter 
practice. 

When becomes generally realized that current meters obey their 
still-water ratings only when the conditions flow are ideal, and 
that cup are affected one sense and screw mieters the 
contrary sense, will apparent that there real reason for the 
diversity opinion concerning the reliability current-meter work. 

The writer, therefore, was inspired the hope that this paper 
might reopen the discussion and possibly put motion effort 
improve the current meter. 

Appended the paper there brief new system 
taking discharge observations new method constructing 
the discharge This system and method have been applied most 
successfully number cases, and. are worthy the attention 
those contemplating series gaugings one more stations. 

The method synthesizing discharge curve not invention 
the writer which trying introduce, but well-established 
method used physicists and practicing engineers determining 
various kinds relations between observed magnitudes. consists 
simply separating given investigation into its elementary parts 
and drawing curve for each, the final relations being derived from the 


elementary curves relations. The fact that the sum the velocities 


given set meter points gauging station forms such 
elementary relation, when plotted function the gauge height, 
leads the term “statistical.” 

The main advantage the statistical method that the entire 
series gaugings, extending over long series years, may con- 
nected into consistent whole. The peculiar characteristics 
station may studied from the elementary curves. any change 
break occurs one more the elementary curves, correspond- 
ing change break has taken place one more the physical 
hidden conditions the station. This especially 
true the sum the velocities given set meter points, be- 
cause the sum forms fixed relation between velocity and stage. The 
sum chosen because, taking number velocities, the accidental 
variations and errors the velocities eliminate themselves. That 
why, even turbulent stations, smooth curve can drawn through 
the plotted values the sum, with errors well within 2%, 
extremes. not likely that changes the hidden conditions 
station would detected any other would 
down simply unaccountable variations. 
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Another very important the statistical method 
that affords once the most independent easily secured 
check the velocity readings. Indeed, the sum the velocities 
must plot definite curve, and this enables one check the meter 
work any newly observed stage with that any other stage within 
min. after all the velocities for the former have been recorded. 

The writer glad know that his Conclusion concerning cup 
meters, generally recognized. Under certain nearly ideal conditions, 
such meters will give good results, but, the moment the conditions 
are changed the slightest degree, the still-water becomes more 
less inapplicable, with resulting constant systematic error. 

Nevertheless, would perfectly safe use cup meter 
turbulent water if, where used, were rated with Pitot tube. The 
fact that the meter runs with fidelity under such circumstances 
another the conclusions drawn the paper, and one should not lose 
sight this good quality. may also remarked that this 
fact which does not seem have been generally recognized. Cup 
meters will undoubtedly have their uses, but improvements the 
means for obtaining their ratings—not still-water ratings, but actual 
ratings the time and place use—are imperative. will talk 
about refined ratings when probable errors are reduced values 
less than from per cent. 

After reading the discussions one can scarcely shake off the idea 
that the niceties demanded for the conditions under which cup meters 
must rated are altogether out proportion the degree ac- 
curacy attainable with these meters stream gauging. cup 
meter cannot rated accurately from boat when operated carefully, 
owing changes rating due the slight motion, 
what must the effect such meter when subjected the far 
greater irregularity the motion the water fairly good gauging 
station, say nothing the errors expected really turbulent 
station. 

The writer believes that Mr. Miller made important discovery 
engineering when noticed that cups over-register 
considerably and screws under-register slightly agitated water. 
due time this fact will impress itself engineers generally, and 
lead meter which obeys its still-water rating more closely than 
any hitherto made. 

The Haskell meter nearly correct under wide range 
conditions that would seem require only slight modification, 
suggested the paper, render almost independent condi- 
tions. would delightful task, for some one who has the time 
and means, develop such meter. Meantime, cannot too 
strongly hydraulic engineers that screw current meter the 
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most reliable kind for velocities flowing water 
using the still-water rating. 

writer does not wish apply the general propositions stated every 
kind instrument which may chance called cup meter 
screw meter: cup meter one which the rotating element 
operates the principle the Robinson cup anemometer, though 
the shape the cups need not limited that the hemisphere. 
screw rotating element the surface which would generated 
straight line perpendicular to, rotating uniformly about, and 
moving uniformly along, the axis rotation. 

One would also hesitate apply the propositions 
ing large badly designed frames which would likely inter- 
fere with the action the water the runner. Although the frame 
the cup meter the rear the runner, has decided and 
different effects the rating the instrument when turned some- 
what the right and then equal angle the left the line 
motion. 

The writer more than pleased have Mr. Price’s open-minded 
discussion. The cup meter very ingenious, and the means which 
Mr. Price has adopted protect the bearings and secure uniformity 
friction have probably been the cause the continuance this 
meter the Government service. 

Mr. Price may assured that the meter was suspended precisely 
the same manner during the turbine tests the ratings. This 
the stream tests. weights were used any 
case, and the meter wheel was about ft. advance the stem 
the rating boat. The reaction the boat the screw must have 
been slight indeed, the ratings from car the Rensselaer Poly- 
technic Institute not differ materially from those the boat. 

Fig. shows the rating boat, and below the rod used 
the meter. The hooks this rod may adjusted that any desired 
series depths may secured. From the staging which the 
observer stood §-in. rod extended across the tail-race fixed eleva- 
tion. The meter was attached one end rod, about ft. 
long, the other end which was screwed into the supporting rod. 
There were seven hooks the supporting rod during the turbine tests, 
any one which could hooked over the rod the staging, 
thus immersing the meter the corresponding depth. Six rope clips 
were attached the rod the verticals which the meters 
were operated. The rope clips served stops which hold 
the meter rod, when taking observations the verticals. 

Fig. rough sketch the Pitot tube and supporting rod. 
The Pitot tube (to the right) copy “Tube N,” described 
Mr. White’s monograph, referred the paper. The supporting 


DISCUSSION CUP AND SCREW CURRENT METERS 831 


be 
4 

q 


= 


Fig. Boat, Rop USED SUPPORT CURRENT METER. 
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rod (to the left) was designed operated from the staging the 
tail-race, the same manner the supporting rod for meters. 
Fig. shown one the hooks engage the §-in. rod the 
staging, and also the eyes both the Pitot tube and meter supporting 

rods which guy wire was attached near their lower ends, thus 
holding the rods and preventing bending. 


34-In. hole drilled through pipe 
exactly at right angles to the 
longitudinal center line of pipe. ~ 
All burr and roughness cleaned 
off, both inside and outside. 
Hole to be put entirely through 
Pipe on both sides, 
Gas Pipe 
drawn to a point 


End filed square 
and smoothed up. 


PITOT TUBE 
THIS DESIGN IS THE SAME AS THAT 
USED BY MR. W.M, WHITE. 


Mr. Price states that the meter the propeller type does not free 
itself from such débris dead grass and leaves. This too broad 
statement, for there least one meter that type which does free 
itself, and that the Haskell. This meter has been used the writer 
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many times streams carrying much dead grass, leaves, twigs, sand, 
and mud. did catch the slightest particle give 
any evidence being affected thereby. 

This due the effective shape the runner, which Dean Haskell 
has undoubtedly designed expressly for the purpose. The up-stream 
end the wheel brought down moderately pointed conical 
nose which sheds all débris carried the water. 

The question friction current meter very interesting. 
Throwing out the case low velocities, the necessity seems be, 
not much for small amount friction for constancy 
amount. the resisting torque large but constant, rating should 
fixed just exactly the case where the friction small and 
constant. Notice, too, that there resisting torque caused the 
hydraulic skin friction screw, which can made large 
desired lengthening the vanes along the this respect, 
the screw just much differential meter the cup meter. 

The retarding skin friction has much longer lever arm than 
the bearing friction, and has much larger resisting torque, that 
the bearing friction screw meter offers resistance secondary 
importance. Further, the resisting skin friction fixed function 
the velocity, varying approximately the square thereof. Hence 
clear that the principal portion the resisting torque fixed 
for each velocity and cannot changed. follows that, the meter 
kept only fair condition, the rating not affected seriously 
moderate changes bearing friction. The truth this was tested 
the experiments Massena taking part rating while the 
bearing was dirty and stiff, then completing the rating after the 
meter had been cleaned and oiled. Let the reader select from ratings 
and the Haskell meter, Plate CXXXIV,* the points taken 
before cleaning and oiling the meter. The Haskell meter not sensi- 
tive moderate changes Bearing friction. 

Mr. Price thinks the ratings (Plate the Haskell meter 
are inaccurate. any one will take the pains examine the percentage 
errors the various ratings and the wide range conditions under 
which these ratings were made, will feel compelled admit that the 
performance this meter was very consistent throughout. Ratings 
this kind are more practical value than those obtained under 
restricted conditions, because the former afford indication the 
degree accuracy expected the meter when actual service, 
while the latter not. 

doubt the rating line could adjusted the observations 
somewhat better. This rating line was located from few the 
earlier ratings, the later ones being plotted the diagram subse- 


Proceedings, Am, Soc. E., for December, 1912. 


CUP AND SCREW CURRENT METERS 835 


quently. The change, made, would trifling, excepting for low 
velocities, which were not used. 

The idea must not entertained that the the 
Massena tail-races were bad. the contrary, they were much. better 
than those usually encountered stream gauging. The flow the 
water was parallel the side-walls, and the meters might well 
have been fixed rigidly the far concerned any tendency 
swing. The errors the meters were caused small eddies and 
boils such would have dealt with most gauging 
stations. The conditions flow were carefully studied each the 
meter points using inverted weather vane. instrument 
was invented and used ascertain the quantity air the water 
each meter point. This quantity was found negligible. 

Mr. Price states that gauging station which has up-stream 
current should used, and one which has divergent currents 
cannot give results with any method measurement. 
may that gauging stations with negative velocities should not 
used, but our current meters give any indication which would lead 
one discard such station when encountered? the 
ft. under water, cannot seen; but goes recording the 
velocity the same, even the current directed stream, 
and the unsuspecting observer records considerable positive velocity 
the point, whereas should have been recorded 

the matter divergent currents, the writer believes most 
fully that the problem may now solved using screw meter held 
rigidly right angles the direction flow. When the screw 
modified, suggested the paper, will increase still further the 
reliability the results, even the best gauging 

Dean Haskell says: “Although great deal good work has been 
done with meters this type [meaning cup meters], they have not 
shown themselves anywhere near reliable those the screw 
wheel type.” This seems describe the case exactly. Where condi- 
tions have been favorable, the errors the meter have not been 
large; but the errors are there, and they are one sign. 

Though the writer has been compelled adopt the method sug- 
gested observing the direction well the velocity, when gauging 
large rivers, has found fraught with difficulties, the principal 
one being that has never been able find cross-section large 
river where the direction each meter point was fixed. The meter 
will swing, and this completely masks the average true direction. 
the meter was held rigidly, and was designed give the resolved com- 
ponent, the difficulty would obviated instantly, and the observations 
and computations would reduced number. 

the Haskell meter now made gives only trifle less than 
the resolved component, the writer takes the liberty suggest that 
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slight modification, described the paper, might render abso- 
exact perturbed water. mechanical advantage gained 
“eupping” the wheel vanes would that additional 

for given weight. 

The Haskell meter has one other advantage which has not yet 
been mentioned: screw, propeller, may made exceedingly 
light, that the effects inertia are reduced to.a minimum. 
quite possible that the inertia heavy revolving part, conjunction 
with the reaction the water, may play important réle changing 
the rating when the velocities become variable. 

The still-water rating not satisfactory present because meters 
must used water which more less perturbed. Otherwise, 
the current meter becomes instrument limited use, and demands 
produced which will resolve the momentary velocities meter point, 
the still-water rating will apply, even perturbed water. Dean 
Haskell congratulated the fact that his meter almost does 
this very thing, that probably only slight will neces- 
sary secure the desired result. 

The float and meter comparisons are Applying the 
statistical method summing the velocities each case, the resulting 
comparison follows: 


Sum velocities 19.67 


Mr. Miller’s very interesting, recounts work 
unusual magnitude the Mississippi: writer lived 
various points that river all his life, and remembers much the 
Government work various kinds there. 

have left the field current-meter engineering. However, useful fact 
once established bound live, and thus Mr. Miller still poten- 
tially active this branch science. 

Mr. Hoyt seems fear that impression may drawn from 
the paper that the Geological Survey records, based measurements 
with the small Price meter, generally involve large errors. This fear 
hardly justifiable, the writer states very definitely, cer- 
tain that the correction for cup meter when run good meter 
station open river not the other hand, would 
the side safety determine the degree error 
every important series gaugings. One the best ways uncover 
error this kind run cup meter and screw meter the 
section simultaneously. the meters agree, there error. 
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they disagree materially, found that the velocities the 
cup meter are excessive, the screw are deficient, the 
numerical value such errors the cup meter being relatively larger 
than those corresponding the screw meter. 

any one wishes adminicular evidence the truth this state- 
ment, beyond that afforded the paper, may refer the paper, 
Murphy, Am. paper Mr. Murphy has, the 
clearest manner, plotted the results number comparisons 
discharges weir with simultaneous discharges cup and screw 
current meters. 

the case the cup meters, practically all the discharges exceed 
the corresponding discharges weir. This indicated the fact 
that practically all the points for the cup meters plot the axis 
abseissas Fig. that paper. 

the case the screw meter, the discharges are generally deficient, 
the points generally plot above the axis abscissas. Moreover, this 
the more accurate meter, because the points average much closer 
the axis, being fact within 0.07% it. 

Mr. Hoyt concludes his discussion with several numbered para- 
graphs. They may taken the same order: 

paper does much more than eall attention the recognized 
fact that the cup meter affected cross-currents. calls attention 
the fact that the effect productive errors all the side 
excessive velocity, and that the screw meter affected the contrary 
sense, but relatively smaller extent. Though this was dis- 
covered Mr. Miller years ago, does not seem have been recog- 
nized else since that time; but undoubtedly 
the greatest importance those who wish improve the present 
methods stream gauging. 

Before carrying out any experiments Massena, the writer was 
the opinion that screw meters, like cup meters, would always show 
excessive discharges. This, thought, would the case because 
the swinging the meter and the consequent measurement the 
thread sinuous, rather than straight, current. This, how- 
ever, prove it, attach screw meter the rating 
boat rating car. Draw the meter over its course the usual man- 
ner and count the revolutions. Then process, having all 
conditions the same before, except that the meter oscillated trans- 
versely the direction motion during its transit the course. 
the rating boat used, the oscillation may effected rocking the 
boat. the the car, some mechanical device may used. 

Theoretically, the number revolutions the latter case should 
exceed those the former case. Practically, the reverse the case. 
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Mr. The side-wash the current has somewhat more than annulled the 
increasing the length the course. 

3.—It true that the methods used the writer making 
his discharge measurements were described only general 
Otherwise, the paper would have become voluminous that the main 
facts would have been obscured. must remembered that the 
conclusions the paper are not derived from study current meters 
per se, but are inductions from observations the behavior meters 
while testing turbines. 

4.—The large Price meter was adopted one type meter 
used the Massena tests, because the same type had been used 
other engineers the same tail-races several years before, and 
comparison was desired. The results the turbine tests would have 
been the same had the small Price, any other cup meter been used 
instead the large Price meter, because means were taken cor- 
rect the errors due deviations from the still-water ratings. 

5.—The standard adopted the writer when comparing the cup 
and meters was the true velocity the water. This appears when 
discussing Table where shown that the cups over-register, 
the average, 5.6%, and the under-registers, the average, 
0.93 per cent. 

When the Pitot tube and Haskell meter were compared, the Pitot 
tube was supposed indicate, the average, the true velocity. The 
result this comparison was that the Haskell meter under-registered 
about 0.6 per cent. 

Thus there were two different methods determining the dis- 
charge: (a) cup and screw meters corrected through the medium 
the boat-rocking tests, and (b) Pitot tube and screw meter 
comparisons which corrections were determined applied 
the metered discharges. 

worthy note that these two methods correcting the 
discharge, when applied any given turbine test, rise 

not claimed that rocking the boat the best means for 
ascertaining the relative errors cup and screw meters. 
claimed that the nature the case such extreme accuracy 
this respect not necessary. This because the errors 
determined are not relatively large. 

feared that this paper too daring its conclusions 
credible, may well search for independent verification. 
Such material may found Mr. Murphy’s extremely valuable 
paper, “Current Meter and Weir Discharge previously 
quoted. 

Though Mr. Murphy gives interpretation the results his 
experiments, yet expressly states that has “avoided this paper 


permissible analyze the results for the purpose such 


comparison. 


The best method eliminating accidental errors comparing 
such series observations the “statistical” method. the case 
hand, this method particularly facile because comparable results 
may obtained operation summation. 

order the better understand the conditions under which the 
tests Mr. Murphy were conducted, may stated that they were 
made the canal the Laboratory Cornell University. 
The discharge each test measured weir and two current 
meters. The two current meters were observed simultaneously the 
same discharge section, one starting the south side and progressing 
north while the other started the north side progressing south. 

There were twenty-five experiments, each made the manner de- 
scribed. Ten these were comparisons between the weir, Haskell 
meter No. and small Price meter No. Nine were compari- 
sons between the weir, small Price meter No. 351, and small Price 
meter No. Six were comparisons between the weir, Haskell meter 
No. and small Price meter No. 351. Moreover, from these experi- 
ments may selected sixteen which the Haskell meter compared 
with the weir, fifteen for Meter No. 351, and nineteen for Meter 
No. 363. 

There are, therefore, experiments which may com- 
pared statistically. each case the aggregate discharge the 
weir may compared with the corresponding aggregate, aggregates, 
the meter, meters, the case may be. Table gives the compari- 
sons tabular form. 

The function such summary aggregates eliminate 
large the unavoidable accidental errors arising during the 
observations. Thus the remaining errors are each composed two 
parts, namely, large part, which the net average constant error 
the observations, and small part, which the net residual the 
unequated accidental errors. From the approximate uniformity 
the errors the table, may concluded that accidental errors have 
been practically eliminated, and the computed errors for the sets 
observations greatest weight (the first three sets the table) 
are the constant errors due the meters, due deviations from their 
still-water ratings. Thus the constant error the Haskell meter 
0.02%, that the small Price No. 351 that 
the small Price No. 363 1.24 per may 
ferred from the plottings Mr. page 376 his 
paper, that the average constant error No. 351 should exceed 
No. 363. The reason for this that the discharge either the 
meters shows increasing excess over the discharge the with 
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decreasing velocities, and there are relatively more observations low 
velocity Meter No. 351 than No. 363. Had the reverse been 
the case, might have been expected that the constant error No. 363 
would exceed that No. 351. 


SIMULTANEOUSLY WEIR AND Two CuRRENT 
THE LATTER OPERATED THE SAME SECTION. 


Compiled from Table Transactions, Am. 
Vol. XLVII, 373. 


THE DISCHARGES ALL THE EXPERIMENTS, SHOWN 


Haskell Meter. Price Meter No. Price Meter No. 363. 


will seen that the error the Haskell meter for the ten com- 
parisons with weir and small Price meter No. 363, 0.18 per cent. 
This error, though insignificant, would have been negative had not 
been for three experiments, Nos. 1-2, 3-4, and 5-6, which this 
meter, for some unaccountable reason, gave discharges greater 
than the weir. These three observations are plainly discordant, 
may seen referring the plottings for the Haskell meter 
Fig. Mr. Murphy’s paper. Had the meter run these three ex- 
periments the same law all the other experiments, 
the errors for these three experiments would have been about nil. Thus 
the excess discharge the Haskell meter the three experiments 
question about cu, ft. per sec., may seen consulting 
Table No. Mr. Murphy’s paper. The aggregate for the weir from 
the writer’s comparison, Table and that for the meter 
would become 473.99 25.0 Thus the deficiency the 
aggregate for the Haskell meter would 474.78 448.99 25.79. 
other words, more than probable that the discharges the 
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Haskell meter are deficient the percentage 25.8 3475 
because they are discordant. 

follows from the results shown Table that the cup meters 
all cases gave excessive and the Haskell meter gave 
relatively much smaller errors, the discharges being slightly deficient 
the average. Therefore, the following general conclusions may 
drawn from the results contained Mr. Murphy’s valuable paper: 


When meter run moderately perturbed* water, 
will register larger number revolutions per second than 
perfect still-water rating would indicate. 

(b) When screw meter run moderately perturbed water, 
will register smaller number revolutions per second 
than perfect still-water rating would 

(c) the foregoing sense, cup meter affected relatively 
much greater extent than meter. 

(d) Either type meter, when run moderately perturbed 
will give uniform records equal times, provided these times 
are sufficiently long, the flow the water itself being sub- 
ject established regimen. 

(e) both types meter are used simultaneously moderately 
perturbed water, the disparity between the discrepant 
thus determined the still-water rating may taken 
basis for correcting the discrepant velocities. 

(f) the discharge the weir considered correct, the average 
error Haskell meter Mr. Murphy’s experiments was 
0.02% the side deficiency, with probability its being 
slightly larger, and the average error the cup meters was 
the neighborhood 14% the side excessive discharge. 

(g) would seem follow that current-meter observations based 

still-water ratings, without further correction, should 
made with great caution. the other hand, 
certain that the for cup meter when run good 
meter station open river not large, and the correspond- 
ing correction for screw meter may negligible. 


cannot said that the Pitot tube used Massena was 
unrated instrument. exact copy one which was in- 
vestigated “Tube Mr. White the paper already referred 
to. has coefficient equal unity. 

speaking the accuracy Pitot tubes, two distinct reactions 
must kept mind. One the impulse the moving water 
the the other the reaction the static pressure 


the bottom page 374 Mr. Murphy’s paper stated that there was slight 
agitation the water during the experiments. 
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and the moving water the orifice. the static 
properly designed, the motion the water, the dynamic reaction, 
will have effect it; but the motion the water will exert either 
suction positive pressure improperly designed open- 
ing. this latter difficulty which has caused most the 
Pitot tubes. 

Mr. White’s experiments showed, the most convincing manner, 
the all dynamic orifices circular section, they 
cylindrical, diverging, converging, are exactly equal unity. This 
was accomplished towing boat through the water with number 
different types circular dynamic orifices attached somewhat 
advance the stem. The water stood exactly the same level all 
the risers, and the total head raised was equal the sum the velocity 
head and static head each case. 

7.—Although the paper does not essay once complete 
remedy for the erratic behavior current meters perturbed water, 
does point out the interesting fact that close estimate the true 
velocity may made using screw meter good design. still 
greater accuracy desired, both eup and screw meters may used, 
the records being corrected the observed relative deviations produced 
some such manner the rocking tests described briefly the 
paper; or, even better still, the meter may rated prop- 
erly constructed and properly manipulated Pitot tube, under the exact 
conditions and the points, where the meter 
used. 

8.—The writer has oscillated number meters different types, 
both longitudinally (up and down stream) and transversely (athwart 
stream and vertically). all cases the cups were affected incre- 
ments several times large the decrements the screws. This 
was for violent, well moderate, vibrations. true that the 
ratio variable, values ranging from having been noted; but, 
when the error between the cup and screw not more than 7%, 
the application the extreme ratios leads corrections for the screw 
meter only and per cent. Thus, error 100% the true 
the ratio makes difference the final discharge only 
for the case cited. 

This method, course, only practical way getting 
approximate result, but the approximation shown close. 

current meter which cannot rated with sufficient accuracy 
from boat will show even greater discrepancies when run the 
average gauging station. The United States Lake Survey has done 
great work the Niagara and St. Lawrence Rivers, and its ratings 
were frequently made from boat. The writer knows that screw 
meters were used extensively this important work, but not 
know whether cup meters were also used. the boat ratings had 
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been unsatisfactory, certain that that fact would have led Mr. 


condemnation such Possibly, cup meters had been used, 
the boat ratings would have proven course, rating 
made under laboratory conditions will plot almost exactly smooth 
curve; but rating meter good design will nearly 
good, made from boat. 

presumed the writer that the changes the method 
rating referred Mr. Hoyt were such might made 
placing the weight too close the wheel, running near the 
sides, bottom, the tank. These are abnormal ratings, 
character which does not affect the question hand. 

10—It has already been explained that the large Price meter 
was selected for the tests Massena for the sake comparison with 
the results former test the same tail-races with meter 
this particular type. The the opinion that the results 
would have been the same, even the small Price meter 
had been substituted for the larger pattern. must emphasized 
that the conditions discharge for much the greater portion the 
gauging section Massena were good those most frequently 
encountered good gauging station. The reliability these tests 
cannot questioned this account. 

The cup meter ran with great fidelity any given point the 
race. Its rating there, relatively the Haskell meter Pitot 
tube, was perfectly definite, fact which does not seem have been 
known heretofore. The trouble was not with the cup meter, but with 
the application the still-water rating the case. raceway 
uniform section can certainly gauged within the true dis- 
charge. This statement made because any given condition dis- 
charge can exactly reproduced the pleasure. This 
one the facts demonstrated Massena. 

11.—The distribution factor used the statistical method essen- 
tially form factor. Its value the shape the solid con- 
structed out the components are normal the 
cross-section when these components are erected their points ap- 
plication. every shape particular value the distribution factor 
attaches; but not true, conversely, that every value the dis- 
tribution factor particular shape must attach. only necessary 
that shapes equivalent discharge order that two more 
shapes may have the same value for their distribution factors. Hence 
not all improbable that such changes distribution actually 
take place gauging sections without changing the discharge curve 
rating table. 

The mean velocity the cross-section the quotient obtained 
dividing the total discharge the area the cross-section. The 
method relies this definition. the turbine tests 
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Massena, the value distribution factor was ascertained draw- 
ing the familiar contours equal velocity over the cross-section 
the race. The volume under these contours was computed, and, when 
expressed proper units, was numerically equal the discharge. 
This discharge was then divided the area order the 
mean velocity. 

definition, the distribution factor the ratio the above de- 
termined mean velocity the sum the velocities recorded the 
meter points the actually computing this ratio, 
the foregoing manner, for several the turbine tests where the condi- 
tions were substantially the same, was found that the value the 
ratio—that is, the distribution factor—was constant for given con- 
ditions. Consequently, follows that the mean velocity the tail- 
race may ascertained simply multiplying the sum the observed 
velocities the proper value the distribution 

Though somewhat different procedure was adopted the South- 
ern work, proven that the distribution factor 
definite function the gauge height, the river, which, 
when once reduced curve, may thereafter used the quickest 
possible means mean velocity the gauging 
tion. This accomplished simply multiplying the 
velocities given set meter points the corresponding value 
the distribution factor, read from its locus. 

short, has been demonstrated these experiments ‘that, 
current-meter work, and discharge general; one may deal 
with aggregates velocity area, and discharge, instead individual 
values, with gain accuracy, time, labor, and satisfaction, 
realized other way. 

Take, for example, the case ‘an observer who has just hurried 
gauging station measure discharge particular stage the 
stream. drops ‘his meter two three dozen permanently 
established meter points (supposing the river is, say, 250 ft. wide), 
adds all his velocities, compares the sum with his statistical velocity 
curve, finds the sum correct, and then multiplies factor taken 
from curve, thé product being the discharge. whole work may 
done within hour two. Moreover, the observer 
work correct, because his velocity observations are checked. 

very certain that the Geological Survey has ex- 
cellent work studying velocity curves and formulating therefrom 
few simple laws which govern the discharge rivers. Much this 
work due Mr. Hoyt with whose name linked some the most 
valuable hydraulic investigations. 

For the most part, the writer’s studies have been connected with 
shallow turbulent rivers, compelled examine 
streams this class with ‘regard the character their flow. 
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may interest know that has arrived two conclusions 
connected therewith. They are: 


(a) shallow turbulent stream may gauged satisfactorily with 
screw meter, or, better still, with cup and screw meter 
simultaneously. 

(b) The proper point shallow turbulent section which 
take the meter readings mid-depth, otherwise the meter 


near the surface too near the bottom admit 
accuracy. 


Like Mr. Hoyt, the writer has summed the measured dis-. 


charges two more tributaries find good check the dis- 
charge the main stream. This does not prove, however, 
necessary conclusion, that the work any the stations correct, 
all may be, and sometimes are, affected the same error. 

reply Mr. Staniford: The writer has had only limited 
experience with the current meter salt water, the form ship’s 
log. This instrument was the screw type, the runner being very 
similar that the Haskell meter. With care, such instrument 
will give distances, and, therefore, velocities, well within 2%, even when 
the sea agitated, assuming, course, that there current 
surface drift. 

The Haskell meter was designed Dean Haskell when was 
working salt water, and adapted for use both salt and fresh 
water. These meters have been used coast harbors officers the 
Engineer Corps, and the Coast and Geodetic Survey; these 
officers would undoubtedly able state how fresh- and salt-water 
ratings compare. 
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EXPERIMENTS WEIR DISCHARGE. 
Discussion.* 


comparisons current-meter measurements with weir discharge 
standard formulas, made the writer and other members 
the United States Geological Survey Hawaii during 1911, verify 
the conclusions reached the authors their experiments weir 
discharge. 

The weirs were irrigation ditches which offered excellent oppor- 
tunities for velocity-area measurements, either flumes prismatic 
sections, within short distances the The methods making 
the velocity-area determinations were those regularly used the engi- 
neers the Geological Survey, follows: The total cross-section hav- 
ing been divided into number section units, the mean velocity and 
area each were measured; the product the mean velocity and area 
each individual section gave the discharge for that section, the 
total discharge being the sum those the individual sections. 
most cases the sections were ft. wide, and they always extended 
vertically from the water surface the bottom the channel. The 
mean velocity the section was taken one-half the sum the 
means for the verticals each edge the section, the mean velocity 
for the vertical being sum the .velocities 
and eight-tenths the depth. this way, four determinations enter 
into the computation velocity for any individual section. 

The velocity measurements were made with Price electric 
current meters which had been rated the United States Bureau 
Standards Chevy Chase Lake, Maryland. 

*This discussion (of the paper Steward, Esq.; and Longwell, Jun. Am. 

Soc. E., published February, Proceedings, but not presented any meeting), 


Proceedings order that the views expressed may brought before all mem- 
for further discussion. 
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Meter discharge comparisons were made with large number 
weirs, but the measurements all cases did not cover sufficient 
range stage for complete rating. The results comparisons with 
four typical weirs will given. These weirs were all much larger than 
those used the authors, and may considered types the better 
class, being well and designed meet the requirements 
standard weir formulas. Two the weirs were rectangular; one 
had 10-ft. crest and the other nine panels, each in. wide. The 
other two weirs were the Cippoletti type, having crest widths 
and ft., respectively. 

The comparisons covered range stage equal that reached 
the weirs under ordinary working conditions. 

10-Foot Rectangular was especially well-constructed 
weir, with long approach channel and good end contractions. Its 
crest and sides were formed sharp-edged steel plate set con- 
crete. The width the approach channel the crest level was ft.; 
the depth below crest level was 5.3 ft., with side ‘slopes 
giving approach channel having area 115 sq. ft. below crest 
continuous record the head the crest was obtained 
automatic clock register. 

Six discharge measurements, taken short distance below the weir, 
give rating curve which very well defined between heads 0.4 
and 1.6 ft. 


comparison the discharge curves obtained. from the Francis 
formula, 


and from current-meter measurements, shown Table and 
Fig. 

Nine-Panel Rectangular the nine panels this weir 
had crest width in. The crests and sides the panels were 
formed sharp-edged steel plates, but probable that, the higher 
stages, the end contractions were not complete. The pool was approxi- 
mately circular, and the weir panels were placed chord; water was 
delivered the pool timber flume, ft. wide ft. deep, the 
direction flow the water entering the pool from flume 
being nearly right angles the line the weir. Here, also, 
continuous record the head the crest was obtained with 
clock register. 

Twelve discharge measurements the flume above the pool give 
rating eurve which very well defined between heads 0.4 ft. 

comparison the discharge obtained from the Francis 
formula and from current-meter measurements, shown Table 
and 
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TABLE 19.—Comparison DISCHARGE Mr. 


10-Foot WEIR. 


9-PaneL 


21.0 23.6 2.6 12.4 
87.6 43.8 6.2 16.5 
51.8 60.7 8.9 17.2 
60.8 70.0 9.2 15.3 
63.6 74.9 11.8 17.8 
87.8 108. 15.2 17.3 
118 148. 80. 26.5 


25-Foot 


0.010 21.4 20.9 0.5 2.8 
0.662 0.007 44.8 46.3 +1.5 +3.3 
0.845 0.005 64.7 70.8 6.1 8.6 


0.00 12.7 12.3 2.2 
0.51 0.00 20.6 19.5 —5.8 
0.62 0.00 27.6 26.9 —0.7 —2.5 
1.12 0.02 67.1 68.5 +1.4 +2.1 


25-Foot weir had sharp-edged crest and 
sides, formed plate set The crest width was ft. 
and the end inclinations were Four current-meter measure- 
ments, taken lined section the ditch short distance above the 
weir, define rating curve between heads 0.4 and 0.9 ft. auto- 
matic clock register gave continuous record the head the weir. 

comparison the discharge curves obtained from the Francis 
formula and from current-meter measurements shown Table 
and Fig. The curves cross about 0.55 ft. head, showing that, 
for the lower heads this weir, the end inclinations should slightly 
exceed order provide complete compensation for end con- 


0.471 0.001 10.7 11.7 
0.716 0.000 19.9 21.5 1.6 8.0 
0.984 35.0 3.8 10.4 
1.156 0.000 40.4 43.0 
1.282 47.1 50.6 3.5 
1.474 0.000 57.9 62.7 4.8 
17-Foot 
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tractions.* the higher stages there was some velocity approach 


the center the weir, diminishing inappreciable amount 
the sides. 

17-Foot Cippoletti was similar construction the 
25-ft. weir, and likewise had sharp-edged crest and sides, formed 
steel plate set concrete. The crest width was ft. and the end 
inclinations were current-meter measurements, taken 
unlined section the ditch about mile above the weir, define 
rating curve between heads 0.3 and 1.2 ft. automatic clock 
register provided continuous record the head the weir. 

comparison the discharge curves obtained from the Francis 
formula and from current-meter measurements shown Table 
and Fig. The curves cross about 0.8 ft., indicating that, for 
this weir, the end inclinations should somewhat exceed for heads 
less than 0.8 ft., the effect end contraction completely 
compensated. There was appreciable velocity approach any 
stage. 

General results these comparisons agree with 
those obtained the authors far showing that, for rectangular 
weirs, the discharge, computed the Francis formula, 


less than the actual discharge. This found true for all 
stages covered the comparisons, the percentage difference varying, 
but usually being greater for the lower heads, except for weirs which 
were affected velocity approach. 

The comparisons made the velocity-area method seem give 
smaller departure from the Francis formula than those made volu- 
metrically the authors, must remembered, however, that 
the weirs were much larger used the Boise experiments, 
and that the heads were relatively less, being well within the limits 
for which weir formulas are considered applicable; also, that the weirs 
were actual operation and adjusted every-day conditions. 
appears that the authors extended their experiments the small 6-in. 
and 12-in. weirs heads much greater than should allowed for 
those 

For the 17-ft. and 25-ft. Cippoletti weirs low heads, the Francis 
formula agrees fairly well with the results obtained the velocity- 
area method, the formula giving slightly greater discharge. For 
discharge more than about sec-ft., each case, the curves diverge 
quite rapidly, with the velocity-area discharge the greater. 

result comparative measurements the velocity-area method 
with several types weirs varying size from in. ft., the 


Paper No. 200, Geological Survey, 48. 
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1.1 
FORMULA AND CURRENT METER, 


Gauge Height, Feet 
o 
| 


Discharge, 


| 
Mr. 
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writer has reached the conclusion that the design and construction 
the weir and the method delivering the water the crest greatly 
modify the theoretical discharge, and that coefficient can made 
apply accurately different weirs, although the same type, 
constructed under different designs. What needed standard 
form construction and rating for each type weir. certain 
type should designed, say, for delivering not more than sec-ft. 
water, and rating should provided for this weir, with definite 
limits operating head; second type should designed for 
quantities between and sec-ft., with corresponding rating; and, 
like manner, weirs different capacities should designed for 
specified limits head. The rating should determined experiment- 
ally for each type weir, and from direct observations that par- 
ticular type. set standard plans and specifications for every 
rating would make possible for different persons construct weirs, 
and under different conditions, but according the same design, and 
giving comparable results. The rating for any weir might ex- 


pressed algebraically, but probably not the simple exponential 
tion the Francis formula. 


Mr. 
Pierce. 
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will reproduced the volumes Transactions. Any information 
which will amplify the records here printed, correct any errors, should forwarded 
the Secretary prior the final publication. 


EBENEZER SMITH WHEELER, Am. Soe. E.* 


January 5TH, 


Ebenezer Smith Wheeler was born Buckingham, Wayne Co., Pa., 
August 27th, 1844, moved with his parents Noble 
County, Indiana, and was there that received his early training 
preparatory entering the University Michigan. was graduated 
from that University the Class 1867, with the degree Civil 


Engineer. Later, 1897, account his many engineering achieve- 


ments and general culture, his Alma Mater conferred him the 
honorary degree Master Science. 

Mr. Wheeler’s entire engineering work was performed the service 
the United States, and mainly connection with projects for the 
improvement navigation the Great Lakes. has left many 
enduring monuments which will continue make navigation safer 
and reduce the cost transportation; these bear testimony more 
clearly than words his engineering ability. first entered the 
service the United States under the Lake Survey 1863 
Assistant Engineer, and continued that work until 1882. While 
this position, Mr. Wheeler had much with the early triangula- 
tion the Great Lakes, and the accuracy his work due largely 
the reliability the charts and maps used guides navigators. 
his care was entrusted the delicate work defermining the lengths 
the primary base lines the Great Lakes triangulation system, 
which all extensions this system were founded. While engaged 
this work, Mr. Wheeler devised the method using metal bar 
melting ice means standardizing steel tapes and base- 
measuring apparatus. This method standardization was afterward 
adopted and generally used others this branch engineering. 

1882, Mr. Wheeler entered the service the Engineer 
Corps under the officer stationed Detroit, Mich. From that time 
until 1897, was stationed Sault Ste. Marie, Mich., immediate 
charge all Government work that vicinity. Under his direct 
supervision were constructed the Poe Lock, the widening and deepen- 
ing the St. Marys Falls Canal, the Hay Lake Channel, the 


21-ft. channel through St. Marys River, and many minor improvements 
navigation. 


Memoir prepared Charles Dixon, Am, Soc. 
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1897, Mri Wheeler was designated the authorities Wash- 
ington supervise the making preliminary survey for ‘the 
Nicaragua Canal project Central America. During 1897, 
direct charge all field parties Nicaragua, and during 1898, 
was Washington preparing his report and plans for submission 
the Nicaragua Canal Commission. Mr. Wheeler’s report was com- 
plete that there was doubt that the Nicaragua Canal was feasible 
engineering project, but this route was afterward abandoned for the 
Panama Canal. While engaged his work Nicaragua, Mr. Wheeler 
contracted fever from the effects which never fully recovered, 
although, that time, his had been most rigorous constitution. 

his return from work with the Nicaragua Canal Commission, 
1898, Mr. Wheeler was assigned duty the Engineer Office 
Detroit, Mich., Chief Assistant Engineer, and continued 


‘that position until his death. During this period, had direct 


charge the construction the new St. Clair Flats Canal and the 
breakwater Mackinac Island. His engineering experience was also 
found invaluable when acting advisory way connection 
with all other important works the District. 

While stationed Detroit, Mr. Wheeler found time make many 
investigations value along lines indirectly connected with his work, 
The most important these led invention the Wheeler 
bathometer. This device has been placed number freight. ves- 
sels the Great Lakes give warning when shoal water. has 
been operated successfully for several seasons, and destined the 
means saving life and property the Great Lakes. 

mere recital the works with which Mr. Wheeler was con- 
nected ample evidence of. his engineering ability; but was much 
more than able engineer; was well informed many subjects, 
about which knowledge would expected obtained technical 
training only. was, withal, modest, unobtrusive, cultured gentle- 
man. with keen sense humor, and had that rare 
and happy faculty which enabled him solve the difficulties others 
and illustrate his own thoughts with good story well told. was 
most delightful companion, whom was genuine privilege have 
known, and one could know him well being the better for it. 

1874, Mr. Wheeler married Miss Clara Fuller who, with one 
daughter and one son, survives him. his family the sympathy 
host friends extended, for truly all who knew him were his 
friends. 

was member many technical and fraternal societies, in- 
cluding the Michigan Engineering Society, the Detroit Engineering 
Society, the Detroit University Club, and the Masonic fraternity. 

_Mr. Wheeler was elected Member the American Society 
Civil Engineers November 7th, 1883. 
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THE ELEVATION THE TRACKS 
THE PHILADELPHIA 
GERMANTOWN AND NORRISTOWN RAILROAD, 
PHILADELPHIA, PA. 


PRESENTED JUNE 4TH, 1913. 


the purpose this paper present the more interesting 
features the work abolishing grade crossings the line the 
Philadelphia, Germantown, and Norristown Railroad, leased line 
the Philadelphia and Reading Railway, the City Philadelphia, 
between Green Street and the Richmond Branch Crossing near Wayne 

The Philadelphia and Reading Railway enters the heart the 
City Philadelphia, the Reading Terminal Twelfth and Market 
Streets, two principal routes: 


the main line the Schuylkill River through the 
Subway Pennsylvania Avenue. 


Second.—From Wayne Junction via private right way and 
Ninth Street. 


The grade crossings the first line has been de- 
scribed the the purpose this paper describe 
the second, which has recently been completed. 


papers are issued before the date set for presentation and discus- 
sion. Correspondence invited from those who cannot present the. meeting, 
and may sent mail the Secretary. Discussion, either oral written, will 
published subsequent number Proceedings, and, when finally closed, the 
papers, with discussion full, will published Transactions. 


Transactions, Am. Soc. E., Vol. XLIV, and Vol. 470. 


Both these lines are part the Philadelphia Division the Phila- 
delphia and Reading Railway. 

The tracks, the time work was started, were elevated from the 
Reading Terminal far north ‘Street descent was 
made the street level Fairmount Avenue. From this point 
Wayne Junction, distance there existed 1906 less 
than grade crossings, being very, 

The Philadelphia, Germantown, and was built 
1833, which time the major, part the territory traversed was 
open fields. the City grew and new streets were opened, new 
grade crossings were being and conditions became 
very bad account very heavy and rapid train movements over 
line. 

Previous 1900 the exceptionally bad crossings existing Colum- 
bia. Avenue and Broad Street were abolished, under city ordinance 
December 26th, 1890, which authorized construction the 
Reading Terminal. both these cases the. grades were raised 
and the highways carried over the railroad. 

Prior 1906 number studies looking toward the abolishment 
these grade crossings were made, both the City and the Railway 
Company, all being the elevation the tracks the best 
and most. economical method the desired end. The 
total estimated cost the work was follows: 


Seventeenth Street Richmond 000 

LEGISLATION. 


Between 1903 and 1906 number conferences were held between 
the Mayor the City and the management the Railway Company 
for the purpose reaching agreement the general plan 
followed and the division cost the work. was 
the intention away with the grade crossings only between Green 
and Broad Streets, but, the work developed, ‘the section north 
Broad Street was included, consent. 

After considerable ordinance authorizing: the 
Mayor enter into agreement with the Railway Company for the 
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work was introduced into Councils and, after discussion that body, 
was finally agreed both interests, passed Councils October 
4th, 1906, and approved the Mayor October 13th, 1906. This 
ordinance also included the abolishment certain grade crossings 
the Richmond Branch the same railway between and 
Richmond Streets, which work will not described here. 

March 28th, 1907, the agreement authorized Councils was 
formally signed the proper officials the City and the Railway 
Company. This agreement, among other things, provided, follows: 


1st. The legal authority for the City revise the city plans, 

the changes grade the streets, etc. 

2d. Authorization the city officials plans, specifica- 
tions, and contracts for the changes grade the street, and 
the opening new streets, said plans and contracts ap- 
proved the Railway Company. 

3d. Authorization the Railway Company prepare plans and 
for the work raising its tracks, with the bridges 
and all other appurtenances, said plans and contracts ap- 
proved the City. 

4th. Authorization both the City and the Railway Company 
employ engineers and inspectors; also provide for emergency 
work the maintenance railroad and highway travel, not 
covered contract, force account the part the Rail- 
way Company and the City. 

5th. Division the cost equally between the Railway and the City 
long the Railway Company does not increase its 
facilities over and above what had the time passage 
the ordinance; all other additional expenses incurred the 
Railway Company its sole expense. The cost the 
work equally divided includes all consequential damages 
caused the change street grades. 

6th. For the proper disposal (and proper credit both parties) 

all old material real estate purchased and not used. 

That the representatives the City and the Railway Com- 
pany shall be, respectively, the Director the Department 
Works and the Chief Engineer. 
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GENERAL DESCRIPTION. 


The following general description the work: Beginning 
Green Street, which point from the south the tracks had already 
been elevated, they run level elevation 57.44 point 
near Brown Street. slight hump placed this profile cross 
the engine passageway the Green Street Yard. far Brown 
Street, the four main tracks are carried fill between concrete re- 
taining walls with steel plate-girder bridges crossing the engine passage- 
way and Fairmount Avenue four different levels. Fairmount 
Avenue the grade the street was lowered allow ft. beneath 
the bridges leading the engine yard the east and west sides 
the main tracks. new locomotive coaling station, with storage 
capacity 2000 tons, located the east yard. 

Brown Street the tracks are over the bed Ninth Street and 
are carried four-track, steel viaduct with plate-girder spans, gen- 
erally ft. long, supported transverse girders and three lines 
columns, and, turn, supporting solid steel floor, which water- 
proofed. This viaduct grade 0.5%, and tangent 
far Master Street. Girard Avenue new elevated station 
supported over the street. 

Between Thompson and Master Streets, and Eighth and Ninth 
Streets, the old freight yard raised the new level with ramp 
approach from Eighth and Master Streets. 

Jefferson Street the tracks are supported earth fill with 
third-class, masonry retaining walls and concrete abutments, and this 
type construction continues the end the line the Richmond 
Branch Crossing. Jefferson Street the line leaves Ninth Street and 
occupies its own right way. This right way, ft. width, 
formerly extended far south as. Girard Avenue, but, under the 
ordinance authorizing the work, was released the City for street 
purposes beneath the viaduct. 

The 0.5% grade extends about Oxford Street, where the tracks 
are level elevation 74.5, point near Montgomery Street. 

Between Oxford Street and Columbia Avenue the Columbia 
Avenue Station, having island platforms with stairways leading 
the main waiting- and baggage-rooms the southwest corner Ninth 
Street and Columbia Avenue. 
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The tracks cross Berks and Norris Streets concrete arches, re- 
placing old iron plate-girder bridges which formerly carried the low- 
level tracks over these streets. 

Between Berks and Norris Streets the west side freight 
yard raised nearly the new level, with ramp approach parallel 
Tenth Street, and the east side, property the Railway Com- 
pany, there are two large commercial coal yards. the northeast 
corner Tenth and Norris Streets there smaller coal yard. 

Between Berks and Norris Streets the tracks ascend 0.7% 
grade the summit York Street and then descend grade 
Broad Street, where the old level 

Between Norris and Cumberland Streets there are five tracks cross- 
ing large number streets, very acute angles, steel bridges 
plate-girder type with solid water-proofed floors. Between York 
and Cumberland Streets there are two elevated freight yards, and 
north Cumberland Street there car-cleaning yard the east 
side. 

Between Broad Street and point near Seventeenth and Indiana 
Streéts work was required, there were grade crossings 
this territory. 

From Seventeenth and Indiana Streets Tioga Street, the grade 
1.06%, and there are five tracks far Westmoreland Street 
and four north that point. order obtain the 1.06% grade, 
was necessary raise truss bridge the Philadelphia, Germantown, 
and Chestnut Hill Railroad (Pennsylvania System) about ft. This 
was done cost $18 384.47. 

The new. elevation required changes the grades Allegheny 
Avenue, Westmoreland Street, Ontario Street, and Park 
Avenue, and slight changes Atlantic and Venango Streets. The 
changes Allegheny Avenue and Westmoreland and Ontario Streets 
necessitated those number other streets shown the general 
plans, Plates LIV and LV. 

New stations were constructed Tioga and Nicetown, and coal 
yard the Railway Company was reconstructed Hunting Park 


Avenue. 
PREPARATION PLANS AND 


Plans and specifications for the various contracts were duly pre- 
pared for the work the Railway Company and the City, and were 
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submitted for approval the interest before asking for bids. 
All work was publicly, and awards were made the lowest 
bidder. 


Division 


points one time, that; far possible, the work requiring 
contracts minimum. track work was done Railway Com- 

pany’s forces what were known emergency orders. 
Tables and show the contracts into which the work was divided. 
All numbers from were executed the Company 
those above 100 the City. 


ORDERS. 


The ordinance provided that emergency work main- 
taining railroad highway travel, and other cases where necessary— 
not covered contract—either the Railway Company the City 
should have authority employ laborers, hire machinery, 
chase materials perform such work. Such work, when jointly agreed 
upon, constituted what was known emergency the 
part the Railway Company, these orders generally applied the 
construction temporary and permanent tracks, the work being done 
the Operating Department; and the part the City work 
connected with the maintenance underground municipal structures. 
They were also used for keeping account numerous minor additional 
betterment items desired the Railway Company during the progress 
the work, and paid for entirely them. labor pay rolls was 
checked, and all prices materials were approved prior 
purehase. 


TEMPORARY YARDS. 


Besides the heavy passenger business conducted over the line which, 
was elevated, involving about 467 train movements hours, 
the Railway Company operated freight yards Eighth and Master, 
Tenth and Berks, and Thirteenth and Huntingdon Streets, and loco- 
motive coaling station and engine repair yard Ninth and Green 
Streets. 
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TABLE CONTRACTS WITH RAILWAY COMPANY. 


No. Description. Contractor. 
|Bridges and viaduct, Green Cons. Co....... 6-15-09 
|Bridges, Berks Cons.Co. ........ 2-15-08 
|Masonry and embankment, Indiana Latta Cons. Co.......... 2-09 
etc., York St. Latta Co........... 1-17-08 

21. Link Belt Co......... 4-80-09 
|Temporary engine yard, Wayne Latta 1-22-08 
|Temporary freight yard, Nineteenth and Indiana............... 10- 407 
pocket yard, Ninth and Steele Sons 5-25-08 
etc., freight yard, Tenth and Berks Latta Co. 10-16-08 
bridges, Green Norris, Tioga Section Shoemaker Co............. 5-24-10 
Girard Avenue Station Leighton........... 10-20-11 
11-22-09 


Date 
final 


estimate. 


8-31-12 
8-31-09 
9-80-10 
12-80-11 
9-80-11 
6-09 
1-81-12 


4-29-11 
8-31-12 


Amount. 


<4 


Contractor defaulted—$35 627.09 recovered from sureties. 


defaulted—$10 048.81 recovered from 
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TABLE CONTRACTS WITH CITY. 


Description. Contractor. 


Sewers, 16th St., and from 16th 17th Allegheny 
Sewers, Allegheny Ave., from 17th 19th; Nineteenth St., Alle- 


Sewers, Nineteenth, Venango; Venango, 19th 

Street changes, Fairmount Columbia Ave........... Paving Cons. Co........... 10-29-09 
Street changes, Columbia Ave. Paving Cons. Co....... 9-21-08 
Street changes, Allegheny Ave. Ontario.. MeNichol Paving Cons. 10-29-09 
Street changes, Ontario Hunting Park Ave Paving Co.......... 10-29-09 
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Date 


contract. 


8-27-07 
8-27-07 


estimate. 


7-27-08 
8-29-08 


11-18-08 


11-18-08 
5-24-12 
11-28-11 
11-28-11 
2-20-12 


Amount. 


$29 


100.92 


122 
110 

125.00 

185.75 
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order provide for the car load freight business the freight 
yards during temporary freight yard was constructed 
property the Railway Company Nineteenth Street, capable 
holding 163 cars, and temporary engine yard Wayne Junction. 
Work the freight yard was begun 1907, and finished 
May 30th, 1908. The total grading, drainage, and paving, ex- 
clusive the track work, was $40 Work the engine yard 
was begun January 7th, and finished June 30th, 1908. The 
total cost grading, drainage, engine house, coaling station, water 
tanks, ash pits, exclusive the track work, was $46 501.60. 

the completion the elevation the tracks, the City was cred- 
ited with the amounts which for the construction these 
yards, less amount agreed on, representing the depreciation the 


tracks, the case the freight yard, and the tracks and buildings, 
the case the engine yard. 


SEWERS. 


August, 1907, work was begun, practically the same time, 
the construction far the majority the sewer work connected 
with the change grades the The work described very 
briefly under the following contracts: 

Contract No. 101.—Sewer Thirteenth Street from Dauphin 
Cumberland: This was required drain depression caused the 
lowering the intersection Thirteenth and Cumberland Streets. 

Contract No. 102.—Clearfield Street east Sixteenth; Sixteenth 
Street from Clearfield Street Allegheny Avenue, and Allegheny 
Avenue Seventeenth Street: This was the outlet section the main 
system for draining the depressed streets the Tioga District, extend- 
ing far north Nicetown Station. 

Contract No. Avenue from Seventeenth Street 
Nineteenth Street, and Nineteenth Street from Allegheny Avenue 
Westmoreland: This the second section the main sewers for 
draining the Tioga 

Contract No. 104.—On Nineteenth Street from Westmoreland 
Venango, and Venango from Nineteenth Twentieth: This the 


third section the main system for draining the depressed streets 
the Tioga District. 
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Contract, No. 105.—On Venango Street from Twentieth Twenty- 
first, Twenty-first Street from Venango Blabon, Blabon from 
Twenty-first Street.to Park Avenue; Hunting Park Ave- 
nue from Blabon the railroad: This the last section the main 
sewers the Tioga District, and taps the depression Hunting Park 
under the 
The costs, and other data reference the sewers 
under Contracts 101 105 are shown Table 

addition these, sewers were constructed conjunction with 
Contracts Nos. 108, 109, 110, and 111, covering the smaller sewers 
connection with the work lowering the streets along the whole line 
the work. Table contains the entire cost the 
sewer work, including inlets, connections, showing for each 
contract the length the the total cost the sewer work. 

The construction these sewers presented unusual features. 
The work was executed accordance with the standard plans and 
specifications the Department Public Works, Bureau Surveys, 
the City Philadelphia. 


CONSTRUCTION. 


The general character the construction consists: First, 
masonry walls and fill, between Green and Brown Streets, between 
Jefferson and Broad, and between Seventeenth and Indiana and the 
Branch, with ‘steel bridges over. streets, carrying four 
and five tracks, respectively; and, second, four-track steel viaduct 
over Ninth Street between Brown and Jefferson Streets. 

Work was begun between Columbia Avenue and Broad Street 
January, 1907, diverting the temporary travel two temporary 
tracks located closely possible the west side the 66-ft. right 
way. The retaining walls the east side, with the eastern halves 
the bridge abutments, were next built, and temporary trestle for 
two tracks was constructed alongside them; and approximately one- 
half the permanent bridges were erected, ‘that two tracks the 
new high level could placed operation. Access this high level 
was made the permanent grade from Broad Street and tem- 
porary 2.5% grade from Columbia Avenue Norris Crib- 
work was placed along the western edge the trestle height 
about and much fill possible was made ‘between the 
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and the wall around the trestle before travel was placed the trestle. 
the completion the temporary tracks the high level, schedule 
travel was transferred them and abandoned the low level. The 
western retaining walls and the rest the abutments were then com- 
pleted with the fill and the remainder the bridges. The fill was 
generally made carting from the cross streets before the abut- 
ments were finished, and completed after the abutments were built 
raising over them with clam-shell bucket and derrick. The perma- 
nent tracks were then laid the new the west side, and sched- 
ule travel was transferred them; the temporary tracks the trestle 
were removed; the ties, guard-rails, and stringers the trestle were 
taken out for use other points; the fill was completed, and the per- 
manent tracks were laid their final position. This same method was 
followed all other points where masonry and fill construction was 
used, except that, the Tioga District, between Seventeenth Street 
and the Richmond Branch, the method was reversed, the work being 
started the west side first. 


TABLE 3.—SIZEs AND SHAPES SEWERS, AND 
EACH CONTRACT. 


a 
Cost Total 
| Size, length 
101 Circular |Shale 572.80 
08 6 29.00 868 .89 
| 5K “ “ “ 80.00 550.00 
5 “ 24.00 552. 


Does not include cost inlets similar details. 


the construction the steel viaduct between Brown and Jeffer- 
son Streets, the foundations for the two outside lines columns were 
constructed with the two tracks carrying schedule travel the 
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center the 70-ft. street. One track was then placed the west side 
the street, close houses possible, the other was moved 
the east, and the center line foundations placed. track 
was then built the west side, and schedule travel was abandoned 
the eastern track, which was allowed remain, used the 
erection the eastern half the steelwork which was next com- 
eastern half the viaduct, and schedule travel was transferred from 
the low the high level. The western side was then erected, com- 
pleted, and the remaining two tracks were laid. 


TEMPORARY TRACKS. 


Before beginning work, the Railway Company had two 
which schedule trains were operated between Green and Cumberland 
Streets and four tracks from that point Wayne Junction. There 
were also two additional tracks used for siding purposes between Girard 
Avenue and Cumberland Street. 

From the time that the main tracks the street level were dis- 
turbed for construction purposes, until the permanent tracks were laid 
the high level, all the charges and maintenance were considered 
temporary tracks. The instructions the management were that there 
must all times two tracks proper condition operate schedule 
trains. Only enough material was ordered carry out the necessary 
transfers traffic and replace that which was not fit for relaying 
the tracks were taken and moved. The general method for pro- 
viding for temporary traffic has already been described, and fair 
say that, owing the care exercised the contractors, engineers, 
and the Operating Department, there was interference with sched- 
ule traffic. 


RETAINING WALLS AND ABUTMENTS. 


The part the construction with masonry walls and fill consisted 
generally retaining walls each side the 66-ft. right way, 
with vertical faces the lines. was absolutely necessary place 
these walls vertically the right-of-way lines between Columbia Ave- 
nue and Broad the plans provided for five tracks with 13-ft. 
centers this territory, and the same construction was used other 
points. private property adjoined the right way, there was not 
erect forms for concrete work without trespassing, and large 
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rubble masonry was indicated and used. Where retaining walls faced 
streets, they were built 1:3:6 concrete with washed 
faces and scored with horizontal lines. The same construction was 
used for bridge The typical retaining wall was shown 
Fig. 

The rubble work third-class masonry) was built under 
the following specification, the mortar being 1:3 Portland cement, 
the stone being bedded mortar, and the vertical joints grouted with 
1:3 grout: 


“Third-class masonry shall formed approved quarry stone 
good shape and good flat beds. stone shall used the face 


the walls less than in. thick, less than in. their least hori- 
zontal dimensions. 


“Headers shall generally form least one-fifth the faces and 
backs the walls, with similar proportion throughout the mass 
when they not interlock, and the face stones shall well scabbled 
otherwise worked, that they may set close, and chinking with 
small stones avoided. 

“In walls, ft. thick less, the stones used shall average from 
cu. ft. volume, and the length the headers shall equal 
two-thirds the thickness the wall; walls more than ft. 
thickness, the stones used shall average cu. ft. volume, and 
the headers shall not less than ft. long. Generally, stones 
shall used having less volume than ft., except for filling the 
interstices between the larger. stones. 

“In case shall stones used having greater height build 
than in., and these stones must bond the joints above and below 
least in.; all other cases the smaller stone used must bond 
the joints above and below least in. 

stones the foundation shall generally not less than in. 
thickness, and contain not less than sq. ft. The 
Chief Engineer.” 


The concrete used was two kinds, 1:2:4 bridge seats, 
pedestal blocks, and 1:3:6 for main walls, foundations, cop- 
ings, The important and specially interesting points the 
concrete specifications were follows: Stone run crusher, 
from in. in. Sand graded from fine coarse from in. 
down. Preference for machine mixing with cubieal box type. 
sistency such that when dumped place, concrete will not 
require much tamping, but not wet enough cause the mortar 
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DIAGRAM SHOWING CONSTRUCTION MASONRY SECTION 


separate from the stone. Spaded down and tamped sufficiently 
level off and quake freely like jelly. 

With special face exposed the street, the specifications were 
follows: 


“Surface conerete exposed the street-shall composed 
part cement, parts coarse sand gravel, and parts granolithic 
grit made into stiff mortar. grit shall granite trap 
rock crushed pass }-in. sieve and screened dust. For vertical 
surfaces the mixture shall deposited against the face forms 
least thickness in., skilled workmen, the placing the 
concrete proceeds, and thus form part the body the work. Care 
shall taken prevent the occurrence air spaces voids the 
surface. The face forms shall removed soon the concrete has 
hardened, and any voids that may appear shall filled 
with the mixture. 

“The surface shall then immediately washed with water until the 
grit exposed, and rinsed clean and protected from the sun and 
kept moist for days. For horizontal surfaces, the granolithic mixture 
shall deposited the least thickness 1.5 in. imme- 
diately after the concrete has been tamped and before has set, and 
shall troweled even surface, and after has set sufficiently 
hard, shall washed until the grit exposed. 

“All surfaces exposed the street shall marked off 
into courses such detailed manner may directed the Chief 
Engineer.” 


The usual clauses regarding strength and finish forms were used, 
and special fillets for the top edges copings, pedestal blocks, and 
bridge seats were required. reinforcement was placed walls for 
temperature changes, but expansion joints were placed generally from 
ft. apart. These were made with tongued and grooved joints 
the faces which there were corrugated asbestos boards. The use 
embedded stone the mass concrete was allowed, the stone not ex- 
ceed cu. ft. the foundations and cu. ft. the neat work. 
These were thoroughly cleaned selected stone embedded the con- 
immediately after was placed. The stones were also used form 
dowels bonding each day’s work. The use these stones was optional 
with the contractor, and though the quantity varied very much, they 
were generally put in. All copings were concrete poured place 
top the walls. 

The prices obtained for the various kinds rubble and concrete are 
shown Table 
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TABLE 


Back WALLS. 


account the walls facing immediately private property, 
the streets, was decided carry the drainage back them, 
step farther than the usual practice, order guard far 
possible from leakage through them adjoining property the 
street, and the entire back each wall, the subgrade the 
tracks, was filled with minimum thickness dry-stone packing, the 
stone being from ft. volume, and placed hand after 
the walls were finished and before the embankment was placed. 
the third-class masonry walls were built, their backs were thoroughly 
dashed with 1:3 cement mortar. the bottom the dry-stone pack- 
ing, 6-in. vitrified clay pipes with open joints were laid, with grades 
about 1%, leading the cross streets and there connected the 
sewers. This drainage has proved very effective. 


TEMPORARY TRESTLE AND 


the sections the work constructed with masonry and fill, 
was necessary support two tracks between the bridges trestle 
and then fill much possible, using crib about ft. high 
with its face ft. from the nearest running rail. The temporary 
trestle was built concrete footings reduce the settlement 
minimum and prevent wedging the top order maintain 
proper track surface. was constructed for two tracks accordance 
with the general design shown Plate LVI. 

Long-leaf pine was used the ties, guard-rails, and stringers, and 
these were all recovered when the fill was entirely completed and be- 
fore the permanent track was laid. The caps, sills, posts, and bracing 
were short-leaf pine, and remained buried the fill. 
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The prices paid for this work are shown Table and included 
everything above the concrete footings ready lay track. 


TABLE 5. 
Long-leaf yellow pine, per 000 ft. $48.00 $44.50 $40.00 $43.00 $44.50 $42.00 
Wrought iron steel, per pound.......... 0.08 0.08 0.04 0.08 0.00 


The average height the double-track trestle was about ft., and 
its average cost per linear foot was about $18.50, exclusive the con- 
crete footings. 

The cribwork was covered the following specifications: 


“Where cribwork required, shall cover all temporary lumber 
work with the necessary filling and tamping required retain slopes 
along partly made embankments other places, may directed. 

“The lumber used cribwork shall placed shown the 


plans. shall consist second-hand lumber which sufficiently 
sound hold the drift-bolts. 


“As the lumber laid and drift- bolted, the embankment shall 
filled and thoroughly rammed. This work shall paid for the 
item price given the proposal for cribwork per 1000 ft. board 
measure, which price shall include all drift-bolts and the placing and 
ramming the necessary embankment within the crib.” 


The prices obtained for the cribwork were follows: 
Cribwork per 000 ft. m... $15.00 $15.00 $20.00 $24.00 $25.00 $20.00 

EMBANKMENT. 


Embankments were built soon the footings for the temporary 
trestle were begun, and all excavated material from the foundations 
walls and abutments was placed around them and the crib, payment 
being made for excavation only. the completion the sections 
the trestle between streets, the crib was carried its full height, 
embankment material was delivered the cross streets, raised over 
the abutments with derrick and clam-shell buckets, and the fill com- 
pleted around the trestle its finished lines. 

some where excavation was available from the depressed 
streets, the trestle was planked, and the street grading contractor 
hauled the excavated material over it, and dumped part his 
cost excavation. With the exception this, all material going 
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embankments was furnished from outside the work and placed 
the contractor fixed prices, measurement being made carts 
wagons delivery, each wagon load being measured representa- 
tive the contractor and inspector who checked the close 
each day’s work. 

After schedule travel was placed the temporary trestle, the re- 
mainder the fill was made with teams from the adjoining 
streets, and after the abutments were completed the remaining ma- 
terial was raised over the abutment, was done the other side. 

All material for embankment was inspected carefully and ashes, 
cinders, perishable material were allowed. Nearly all came from 
various building operations throughout the city. 

The prices paid for embankment, delivered and placed the con- 
tractor, were follows: 


Embankment....... $0.20 $0.14 $0.45 $0.52 $0.10 $0.15 $0.10 $0.45 $0.175 


All the bridges the improvement railroad tracks, there 
being not single highway bridge. Wherever possible, they were 
deck construction, and, where through girders were required, the top 
the girder was kept low possible, the distance between tracks 
was spread standard being ft.. All bridges were 
the plate-girder type with solid floors either built-up troughs 
buckle-plates. The top the steel the floors was protected 
all cases some kind water-proofing described later. Generally, 
all spans crossing streets had the curb lines. The under- 
side clearance over the streets established ordinance was ft. All 
masonry for supporting the steelwork under separate 
contracts, the bridge contracts, however, covering all water-proofing 
and painting ready for the ballast. 

The design all the bridges was complicated seriously the fact 
order carry the high level one side while the other side 
was under construction. This was specially difficult. where the skews 
the street crossings were great, and, two cases, was necessary 
erect part the steel over travel the low level... problem 
water-proofing was also made more difficult account: the pro- 
vision for the double erection and the necessary joint. 
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TABLE 6.—DATA FOR BRIDGES. 


CONTRACT No. 8.—BROAD NORRIS STREETS. 

Partdeck. Buckle- -plate 

Tenth and Diamond ....... half through. 12-in. trough 186.5) 
Eleventh and Nevada Half through. 12-in. trough floor. 680 

CONTRACT 6.—MONTGOMERY OXFORD STREETS. 

Oxford half through. Trough floor 97.6 150 


CONTRACT No. 1.—JEFFERSON GREEN STREETS. 


Engine passageway... ...... I-beams and trough floor....... 100 
Fairmount through. Trough floor... 4400 
Fairmount (main)........ 6in. 400 
Fairmount (coal Z-floor.......... 2900 
ConTRACT No. 11.—SEVENTEENTH AND INDIANA RICHMOND 
BRANCH. 
Ontario...... Half through. Trough 120 14418 
Venango..... Half through. Trough floor....... 149 096 
Hunting Half through. Trough floor....... 157 527 


Part these bridges occupied passenger station platforms. 

two points only was possible construct arches. 
These will described separately. 

The designs and specifications were the Philadelphia 
ing standard, which generally provide for live load about equivalent 
Cooper’s 

The dead weights assumed for the design the ballasted floors were 


follows, all pounds per cubic foot: Ballast, 120; conerete, 140; 
asphalt, 90; lumber, 54. 
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The impact was formula: 
300 
300 
calculated live-load stress; 


length, feet, the loading which produces Maximum 
stress the member. 

Unit stress 000 per tension. 


ultimate strength 60000 for structural steel for 
500 000 

Very few the bridges were distinctly deck construction, 
account sufficient head-room, the usual close 
clearances grade-crossing work, where the procedure seems 
squeeze the bridge construction out existence. Where deck con- 
struction was impossible, half through spans were resorted to, with the 
top flange the girders close the rail level possible. 
structure carrying five introduce deep transverse floor, 
as.to provide for necessary cross-overs the The general 
type one the two styles construction shown Plate 

Table shows the general data regarding the bridges four 
different contracts and, examining them, the conditions under which 
they were designed and the peculiar locations many them must 

All columns located sidewalks, were required the City 
authorities have their base-plates far enough below the surface 
the street show only the main section the column. All 
were below the surface. The masonry contractors built the floor- 
ings the level the base-plates, the bridge contractors, after 
setting the columns and lining the steel work, encased the entire 
base the columns conerete which formed part the 
the sidewalk and section the curb. 

Most the bridges were erected with the usual derrick car, either 
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running the completed high-level approach, others. When 
position command part the bridge, the main steel members were 
between schedule trains the low level, cars loaded 
the shops, picked off quickly, and either put place once, 
opportunity offered, temporarily placed the street and raised 
afterward. some cases the contractors arranged for the railroad 
wrecker assist handling and placing the heavier girders, the time 
consumed lifting from the cars and placing position being very 
short. 

The halves the bridges ‘were always located their per- 
manent positions, matter what the temporary alignment the 
tracks was after leaving them, that, when once placed, they re- 
quired further attention. erecting the final half each bridge, 
the same methods were used. 

One the requirements the City, approving the plans the 
bridges, was the use solid shield screen over the stréets 
prevent horses from seeing the moving parts the locomotives, The 
height these shields was finally agreed ft. above the top 
the rail, and, after considerable study, was decided use cast- 
iron, ribbed plate, supported steel framework attached the 
main bridge structure. number cases where there were vacant 
lots adjoining the streets, these shields were run back the retaining 
walls for distance ft. more, depending the location. 
all cases the shields were made part the bridge contracts, and 
the costs were the lump-sum prices for the bridges. 


VIADUCT. 


Under the terms the ordinance; Ninth Street was vacated from 
Brown Street Fairmount Avenue, and was opened its full width 
ft. from Girard Avenue Jefferson Street. Prior the pas- 
sage the ordinance, the Philadelphia, Germantown, and Norristown 
Railroad owned occupied two tracks between Fairmount 
Avenue and Girard Avenue, and right way, ft. wide, north 
Girard Avenue. the terms the ordinance, all rights the street 
surface owned this Company were given over the City, and the 
Railroad Company retained only the right enter the street 
all times for renewals repairs. The ordinance provided for 
four-track steel viaduct through this territory, with paved street 
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beneath. The Railway Company paid the the addi- 
tional structure for the two extra tracks where originally had but two. 

The structure four-track steel viaduct supported 
three lines columns, just inside each curb line and the center 
the street. The columns transverse girders joined over 
the center column, which turn eight lines longitudinal 


DIAGRAM SHOWING CONSTRUCTION 


girders, spaced ft. in. centers, and framing transverse 
girders. the longitudinal girders, and right. angles them, 
solid floor 6-in. steel Z-bars and plates which cut longitudin- 
ally, about the center the street, allow the viaduct erected 
halves. This floor has its troughs filled with and covered 
with 1.5 in. asphalt mastic turn supporting the ballast and stand- 
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ard track. ft. wide: are carried sides 
outside the dam These have open floors with open joints. 
point, and the outside longitudinal girders made 
tlre same section the to-make readily possible pro- 
vide the future for siding connections. 

‘The foundations for the columns the viaduct were started under 
Contract but the contractor abandoning his work, relet under 
Contract Reletting. 

With the tracks the center the street, the foundations for both 
outside lines columns were The tracks were then moved 
close the west side the street possible, which just left 
room for entrance the houses the west side and for the execution 
the work the center foundations. These foundations were trouble- 
some, not only account water which was encountered consider- 
able quantity between Girard Avenue and Brown Street, but also 
account the limited space available for their construction and the 
close proximity passing trains. Comparatively little work was done 
under Contract before was abandoned, and therefore the prices 
given are those for Contract Reletting. The bottom the founda- 
tions was stopped between Girard Avenue and Brown Street generally 
mixed gravel, and between Girard Avenue and Jefferson Street 
gravel hard Throughout the length the viaduct the depth 
the foundations was controlled certain extent the depth 
sewer which was required the street before the permanent pave- 
ment was laid, and which could not constructed before the founda- 
tions were built. The total cost the foundation work was $151 631.20, 
which, reduced the unit square feet viaduct, amounts $0.76 
the cost the substructure. The principal unit prices were: 


$1.65 per cu. yd. 
1:3:6 concrete ...... 5.50 


After the completion the foundations, the eastern half the 
viaduct was erected, starting from Brown Street and working north. 
account the very close proximity to.passing travel, the erection 
matter requiring the most consideration; and 
ner adopted: for which the contractors should receive 
credit. account the condition the work the ends the 
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viaduet;.a considerable time elapsed between the first 
sections was work the street level, and the rate 
progress,, which under average was spans per 
very Better time erection would have made but for the 
expansion-joint requiring riveting the transverse be- 
fore other could 

the layout the viaduct, standard span ft. was adopted; 
and this was used wherever possible, the odd span being 
cent street: which were always special. 

account the light viaduct, and the expansion 
joints intervals about 150 was ‘difficult arrange 
‘places were provided with cast-iron inlet. boxes, 
pipes were attached, column and 
connecting: with the sewer. 

Marshall Construction Company was based on: 


First. The method that would come nearly 
possible being absolutely safe for the passage trains; and 
Second. Economy time and money. 


The method proposed, approyed, and adopted was use 
traveler running top the erected the erection 
being accomplished with the aid two 15-ton traveling electric cranes 
with one intermediate bridge 12-ton The. trav- 
eler remodeled from steel cantilever, trayeler, previously 
used for viaduct erection, few the truss members haying, 
reinforced, and entirely new system top construction made. The 
total weight structural steel the traveler was The 
power used was alternating current the Philadelphia Elec- 
tric Company, which established where convenient, ap- 
proximately 800 ft. Four heavily insulated flexible wire. cables 
were connected. these stations, and these were carried 
reel suspended from the rear the traveler, the reel being paid out 
the traveler advanced,. and rewound when new connection 
lished. The traveler and taken down with heavy. loco- 
motive crane, erected enough the, viaduct provide 
platform which build the traveler and which start work. 
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This locomotive crane also erected the portion the viaduct wider than 
four tracks, between Brown and Parrish Streets: 50-ft. boom placed 
the front end the traveler erected the extra width steel between 
Master and Jefferson Streets. the second half, was necessary 
run the traveler slight curve between Master and Jefferson 
Streets, and there was difficulty accomplishing this. The trav- 
eler had 70-ft. anchor arm and 120-ft. cantilever arm. When mov- 
ing ahead, the cranes were the extreme rear end the traveler, 
thus helping furnish counterweight against overturning. The trav- 
eler was moved with the aid heavy hoisting engine placed 
platform the rear traveler, and single set double wire-cable 
falls moved: with ease. The reaction the wheels the main 
point support, when moving, was very heavy, being 272 000 lb. 
the heavier side. After the traveler was moved ahead, and before the 
crane could move pick any load, the columns front post ex- 
tension front the traveler had find bearing pre- 
viously placed the street the point which was being moved. 
The actual moving, including knocking out the blocking, the moying 
itself, and the reblocking, did not take more than min., that is, 
min. after picking iron one position the traveler could 
moved ahead and ready pick iron for new span; 
general, two spans, about 100 ft., being erected for each move. 

The’ structural steel was shipped from the contractor’s Pottstown 
plant, being loaded cars the exact order which was wanted, 
that, when delivered the traveler, the first car contained 
the longitudinal girders, the next car contained the transverse girders, 
columns, and cross-frames for the girders, and the third car contained 
the trough floor, railing, all for the span being erected. These 
cars were delivered abandoned track directly under the work 
erected—the track being approximately midway between the two 
lines columns which the work was being placed. the material 
was unloaded the empty cars were dropped down under the viaduct 
already erected, the overhead permitting this, though 


many cases would not permit loaded car pass beneath the 
viaduct. 


The method erecting detail was follows: The rear electric 
would pick longitudinal girder and hang one the 
chain hoists carried the trolley the intermediate bridge. The 
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rear end the girder would immediately the transverse 
the rear would set the four longitudinal girders. Mean- 
time, the forward electric crane would erect the two, columns and pick 
the girder preparatory connecting the longitudi- 
nal girders being erected. transverse girder would brought 
against the the longitudinal girders and set top columns, 
there being general about in. play between the tops the longi- 
tudinal girders and the top flange the transverse girder, thus not 
requiring the longitudinal hung the precise height. The four 
chain hoists supporting the forward ends the longitudinal girders 
would then slacked off, one man each chain hoist, that the 
girders would seated the longitudinal girders and the fitting 
bolts entered. The forward crane would then pick the cross-frames 
and place them the longitudinal girders just when both 
cranes would place the frames position. The forward crane would 
then pick the trough floor, while the rear crane attended moving 
ahead any timbers required for the track, these having been snaked 
ahead with line from the hoisting engine. When handling the 61-ft. 
girders across Girard Avenue, one crane was each end the 
girder, this being also necessary few the other special girders. 
The use the intermediate bridge, carrying the four chain hoists, 
obviated the use temporary bents which set the longitudinal 
girders, and, addition, was much better, readily gave move- 
ment all three directions, desired, the bridge was 
the trucks the crane runway beams, and each hoist was hung from 
trolley running the bottom flange and the chain hoists 
themselves permitted the small vertical required for adjust- 
ment with little labor. 

general, three spans were raised per day, requiring gangs work- 
ing ordinarily hours. Where there were four spans, without encoun- 
tering expansion joints, these were raised less than hours. one 
day was impossible raise steel than two expansion 


The general figures interest connection with the were 
follows 


The contract price was $772 000, including everything from the top 
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the. footings to, the. ballast... This 
water-proofing, and steel for, the footings, 


Oost water-proofing per square foot... $0.24 
Total work per square $3.91 


ARCHES. 


There were only two the line over the 
streets were possible, namely, and Norris Streets, the streets 
ft. wide and. the bridges five tracks and 
six tracks Norris weré and, like 
other bridges, were two sections longitudinally, 


At. Berks Street, five layers Positive. Seal 
Genasco Compound were used for water-proofing, protected 
layer 1:3 cement mortar in. thick. Norris Street, there was 
used 1.5 in. mastic, made mixing part Barber Asphalt 
Company’s Compound No. 483 with parts of, sand. 
ings. This was. laid two layers, each, breaking joints, 
97%; not more than 0.5% volatile temperature 350° for 


proofing both these bridges has been very 


1:2:4 arch ring, centers. per yd. 


VIADUCT. 


All the bridges and the viaduct cross City streets are over 
stations, the case Columbia Avenue, and was very desirable 
that they should impervious water, not only for the protection 
the public, but also for the preservation the metal. large 
number cases, the elevation the curbs the streets beneath, 
and the profile the tracks above, was fixed within such close limits 
make difficult provide proper water-proofing details. The 
writer believes that one the most important features water- 
proofing design get the water away from the structures fast 
possible, and, where the grades the track are light, this dif- 
ficult without using valuable head-room. 

first designed and where trough floors 
were requited, the whole the upper surface metal covered 
with 1.5 asphalt applied two layers the 
troughs carry water through the steel floor 
emptying into beneath the floor, and then 
down-spouts the street gutters. deck bridge, 
the was with Portland cement concrete; made 
stoné and mixed 1:3:6, which was layers 
similar felt, laid asphalt compound and 
protected with course hard brick laid the After 
laying the brick, the compound was the joints and mopped 
scribed the sewers the The nipple proved 
frequently finding around it. These bridges developed 
some leaks along the main girders, due the separation the mastic 
and, corrected mopping hot pure asphalt the 


mastic along the girder webs, spreading burlap over it, and then 
ing another mopping of. deck bridges with felt 
and compound are much 

The second lot bridges designed from the 
foregoing the troughs were filled: with cement concrete the 
top the rivet heads, and smooth coat of. asphalt mastic, 1.5 in. 
thick, was put two layers and haunched against the girder 
webs and under flashing angle riveted the webs. The same 
method was used the viaduct. The drainage the bridges 
one both ends, and over the back-walls, depending the grades. 
the viaduct, cast-iron inlet boxes and thence through 
wrought-iron down-spouts the street level, and vitrified pipes 
the sewer. These bridges have generally been tight, except few 
cases where there has been the mastic from the flash- 
ing angles and webs, and these defects have been remedied cutting 
out the cracks, filling them with hot pure asphalt, and finally covering 
them with burlap mopped with asphalt, previously described. 
portion the viaduct, the mastic cracked badly the haunching, 
and required considerable repairing... This, believed, was due. 
the improper proportioning the ingredients, occurred when 
the work was first started. other cases, leaks have occurred 
where it, was necessary construction push the 
spective the weather conditions, and places where was 
difficult make good joint between old and new work. was found 
very difficult clean properly the surfaces which either the 
compound the new mastic was added, thoroughly 
believed that without adequate cleaning impossible 
bond surfaces with any water-proofing The neces- 
sity using asphalt material which has very low brittle point 
weather, has been apparent this work, and indicated especially for 
work where the vibration. Recent 
work shown the necessity using joint, between the asphalt 
and the metalwork the structure, consisting pocket 
pure elastic asphalt. 


TRACK ELEVATION, PHILADELPHIA, 


BRIDGES, SUSQUEHANNA AVENUE. 


897 


BRIDGES: FORMS FOR 


j 
« 
« 


‘Water-proofing sides of Girders‘C and D'and 


inside of Girders‘A and B’’2" 
Zep ct Ranh above Base of of Rail 
_ Base of Rail 
2" Inside Diam. Bituminized Conduits 
Spaced 3” ctrs. (Not less) 


G.P. NIPPLE TO BE THREADE! 
DISTANCE OF = ABOVE BOTTOM FLOOR-PLATE 


OD FORA 


2 34g x 
Floor ) Web Max. hay at ends) 
< Gusset Pls. Abt. 
16'0’ctrs. for all Gir’s. 
3 Bituminized Fiber Conduits-214" Inside Diam. 
384" ctta.-not less ( 


x Layer of Asphalt Mastic 


‘Water-proofing where thickuess 
16.5 Ibper ft. Asphalt Mastic. 


ttom 


“be 


be covered with 134”of Asphalt Mastie. 


CROSS-SECTIONS WATER-PROOFING WHERE 
IMPOSSIBLE TAKE CARE DRAINAGE OFF THE 
ENDS THE. BRIDGE. 


4 
\ 
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cost per square foot for all water-proofing work. and drainage 
follows: 


Cost per 
square foot. 


Special deep floors with nipples; 1.5 in. asphalt $0.42 $0.55 
Hydrex felt deck bridges; five layers and 0.25 0.26 
Viaduct; 6-in. floor; 1.5 in. 0.24 
Standard trough floor, filled with concrete; 1.5 in. 


0.24 0.30 


for all Girders 


Top of Rail 


Asphalt Mastic 


for all others Section Web 34" Pitch 4(3 at ends) 
1 


TYPICAL CROSS-SECTION WATER-PROOFING 
WHERE THE DRAINAGE TAKEN OFF THE 


ENDS THE BRIDGE. 
THE TROUGHS FILLED WITH CONCRETE. 


13. 


The specifications for this work may briefly abstracted follows: 


“Wherever called for the plans, the decks the bridges shall 
protected follows: 

“First.—By placing 1:3:6 concrete, stone gravel, troweled 
top, shown the plans. The cement concrete thus placed shall 
allowed dry thoroughly prevent the formation steam 
when the asphalt mastic applied. All vertical surfaces of. concrete 
steel shall prepared first painting with the asphalt hereafter 
described, melted and diluted with 62° Baumé naphtha the proper 
consistency. The paint shall not applied horizontal surfaces 
except where specially directed. 

cement concrete thus prepared shall water- 
proofed with asphalt mastic equal quality, for the intended pur- 
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14.—TRAVELER STARTING ERECTION VIADUCT. 


15.—East HALF VIADUCT COMPLETED. 
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16.—ERECTING WEST HALF VIADUCT. 


iA 
: 
. q 
~ 


yey 


of 


BRIDGES, TIOGA SECTION. 
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18.—ERECTING BRIDGES, TIOGA SECTION, WEST SIDE. 
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ingredients used and’ resistence water, the 
specifications, and approved such: 
Seyssel, Sicilian rock mastic... parts. 
“Clean sharp and sand, pass 
“Refined Bermudez Trinidad asphalt. 
“These proportions shall varied where special condi- 
tions the work. 
“The mixture shall made the site the work, and heated 
temperature from 250 300° stirred until all the 
ingredients are thoroughly incorporated. shall then spread 
thoroughly worked, free from voids, and ironed smooth 
face with hot smoothing irons, directed. All mastic shall 
applied the work two coats, making the total thickness shown 
the plans. The coats shall break joints, and the mastic shall 
evenly. Where the thickness the water-proofing ma- 
terials than 2.25 in., the full thickness shall made of. 
asphalt mastic. 
shall taken around expansion joints, drain pipes, 
and other similar places, and the methods followed shall as, 
specified the plans directed the Chief Engineer. 
“The cost the water-proofing specified herein shall 
the prices for the 


The mastic used this work was prepared from 
Natural Mastic, which averaged from 16% bitumen 


Four passenger stations required rebuilding account the 
elevation the tracks, namely, Girard Avenue Central, Columbia 
Avenue, Tioga, and Nicetown. all have been built considerably 
larger the old stations, the greater part the cost has been 
borne the Railway Company, the City simply paying one-half 
what would have cost raise the new track level structures 
with the accommodations those existing the time the. work was 
started. 

Girard Avenue four-track with its straight 
alignment this point, made possible provide platforms only 
the two outside local tracks, the station buildings each side 
being erected steel. structure over the bed Girard Avenue 
supported columns the curb lines. The lengths the platforms 
this point are controlled existing industrial sidings, and, un- 


/ 
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fortunately, are not long desired. This station had very deep 
foundations for the columns, they being the bed old creek, 
and cost the entire cost being assumed the Railway 
Company, the old building was very small. 

Columbia Avenue.—This important one, all trains 
the main line and New York stop there. The tracks cross the 
street about the elevation the old street, making very severe 
change grade. number studies were made for the new 
station, involving very different schemes, all which, however, 
‘included the spreading the tracks place island platforms 
between the north- and south-bound tracks, and doing entailed 
the purchase additional right way. was finally decided 
purchase lot the southwest corner Ninth and Columbia Ave- 
nues, and place the main waiting- and baggage-rooms, locating 
the other necessary facilities beneath the tracks, which are carried 
steel structure for this purpose. 

The main building has frontage 170 ft. the south side 
Columbia Avenue, 150 ft. the west side Ninth Street, and 150 ft. 
the east side Hutchinson Street. The exterior walls are gray 
brick with granite base, and Indiana limestone and terra cotta trim- 
mings. The passageway the trains and the stairways the elevated 
platforms are lined. with white enameled The interior de- 
signed with complete accommodations for handling heavy traffic. The 
main waiting-room ft. ft., and ft. high, with polished 
Italian marble wainscot ft. The floors are marble 
terraza with marble panels. ticket office, smoking-room, men’s toilet, 
barber shop, women’s waiting-room, telegraph and telephone service, 
news stands, baggage- and express-rooms, are also provided. 

The two platforms the high level are 800 ft. long. They are 
concrete with concrete curbs the earth-filled portion and with con- 
crete curbs with asphalt mastic over the steel portion. They are cov- 
ered with heavy sheds the umbrella type. The entrance stairways 
the platforms are from passageway right angles and beneath 
the track, and between the main waiting-room and the baggage-room. 
This passageway can reached from the main waiting-room from 
either Ninth Hutchinson Streets directly. There are exit stairways 


from each platform, with turnstiles. These lead Columbia Avenue 
and also Oxford Street. 


‘ 
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22.—ENGINE COLUMBIA AVENUE STATION. 


909 


VIADUCT FROM ABOVE. 
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24.—INTERIOR VIEW, COLUMBIA AVENUE STATION. 


Fig. 23.—CoLUMBIA AVENUE STATION. 
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COLUMBIA AVENUE 


STREET ELEVATION 


located so; as. be: accessible from, passageway previously referred 
They the, hydraulic-plunger type, the pumps being operated 
tained water pressure 

the the temporary building was 
erected on. the Oxford. was used while 
travel was the low level, and also when the high level 
the east side, Access at, was maintained 
way from Oxford Street and temporary baggage lift Oxford 
temporary buildings were removed, and all 
travel was handled from east, were 

cast-iron chairs, and wrought-iron rails which were recovered from the 
excavations, made along the line élevated work, and which con- 
stituted, the original roadbed Germantown, and 
Norristown Railroad. large number ties were found, 

The “Rocket” was one number ordered the Philadelphia 
and Reading Railroad 1836 from and Millner, Lon- 
Philadelphia, and conveyed canal to. Penn Street, Read- 
ing. From this point, hauled its own) wheels, through the 
streets, horses, tracks. the Philadelphia’ and 
Reading Railroad Seventh and Streets, Reading. 
roed was completed that time and Norristown. 
was placed passenger May, 1838, and was retired March, 
1879, having run 310 164 .on exhibition the 
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Tioga and Nicetown.—These two stations may referred to- 
gether, they many respects similar. They are semi- 
suburban section the City, and are used only for local passenger 
business. They are one-story buildings above the track level, with 
additional story the street level. The larger station each point 
the south-bound side, which also the ticket office. They are 
built brick with terra cotta trimmings, and are neatly finished 
throughout. The platforms can reached several flights steps 
paths through the station grounds. Electric lifts are provided 
both sides the tracks for baggage and express service, and tun- 
nels connect the north- and south-bound stations beneath the tracks. 
The elevators have lifting capacity 2000 lb. speed ft. 
per min. The dimensions the cars ft. ft. 

The new station Tioga, including the grading the grounds, 
the cement platforms, and the driveways, cost That 
Nicetown, with similar appurtenances, cost $43 554.57. 

While the two tracks the west side were being elevated, the sta- 
tion buildings this side were being erected, and when travel was 
placed that side, temporary platform was erected care for 
the north-bound business, while the two tracks the east side and the 
north-bound station were being completed. 


Car CLEANING YARDs. 


The Railway Company operated freight yards and Master, 
Tenth and Berks, and Broad and Lehigh Streets, before the elevated 
work was started, well car cleaning yards Twelfth and York 
and Thirteenth and Lehigh Streets. The finished. general plans pro- 
vided for the retention the first two freight yards and the rearrange- 
ment the other consolidate the car cleaning yards Broad 
and Lehigh Streets. The yards between York and Cumberland Streets 
were designed for freight purposes. All were designed elevated 
yards except for the car cleaning, which there was but slight 
change grade. number studies were made determine the 
best and most economical method arranging the grades the tracks 
these yards, well the grades the driveway approaches; and 
the final plans, believed, embody the most economical arrange- 
ment that could made. The yards all cases were thrown entirely 
out service during construction. Concrete walls were built the 
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street lines, the embankments placed the new level, and all driveways 
provided with 5-in. bluestone curbs, and paved with granite blocks 
sand general rule, all ramp driveways leading the 
streets had grades, and the maximum grade the tracks was 
per cent. All track work was done Company forces emer- 
gency orders. The contracts for the freight yards were follows, 
and show all the cost except the track work: 


Location. Total cost. Car capacity. 
Master Street ............. 
York Street Yards ......... 104 


Car Cleaning Yard.—This yard has capacity 230 passenger 
cars, and provided with service building, small car repair and 
paint shop, power-house building for furnishing steam, air, and 
lighting, and the yard equipped with complete piping for the deliv- 
steam, air, and water any point. All pipes are placed 
creosoted wooden conduits, readily accessible for necessary repairs. 
The mechanical equipment the power-house was furnished the 
Motive Power Department, and its cost not included. The entire 


cost, exclusive the track work and the mechanical equipment, was 
$53 326.82. 


STREET ENGINE YARD. 


Practically all the engines operating the Reading Terminal are 
cared for the Green Street Yard. The four main tracks and track 
for the delivery coal the coaling station run through this yard 
elevated structure concrete walls and Engines coming 
from the Terminal run north about Brown Street and back down 
grade the east side the yard the original level beneath the 
coaling station, where they receive coal, water, and sand and dump 
ashes. They then run south, turning necessary 75-ft. turn-table 
operated electric motor, and pass through tunnel beneath the 
main tracks the west side the yard where they can proceed 
the engine-houses for repairs and cleaning, second grade 
the high-level storage yard from which they run out the main 
tracks and back the Terminal. Thus all crossing the main tracks 
avoided. There are two turn-tables the west side the yard: 
This arrangement makes four bridges over Fairmount Avenue dif- 
ferent levels. Beginning the west side, one track for engines leaving 
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tracks; one coaling track the ‘station; 

and one for engines entering the yard. “This arrangement made 
and the west side, the elevation, and thus effected 
material saving the cost the work. 


The Railway Company owns and leases several large coal yards, 
one the east side the tracks between Berks and Norris Streets, 
and one. the west side Tenth and Norris Streets. Only the first 
will described, the other but smaller. 

Originally, the tracks the yards were about ft. above the street 
level.’ Due the elevation the main tracks, the difference level 
was increased about ft., and was decided pocket 
yards, account the great height. There are two double-track 
pockets, parallel the main tracks, each with capacity 10000 
tons the Each about ft. wide and 500 ft. long. The 
two pockets are separated driveway about ft. wide. The bottoms 
the pockets are about ft. above the paved surface the yards, 
thus allowing delivery’ driven under them and loaded 
through 

The type construction was determined only after very careful 
study. Designs were made for all steel, reinforced concrete, and all 
wood, and the costs carefully estimated number different 
combinations were also tried. was found, finally, that the composite 
design finally constructed was cheaper, both first and capitalized cost, 
than either all steel reinforced concrete, and first cost 
all consists essentially covered double-track steel plate- 
girder viaduct, wooden longitudinal pocket walls, and wooden pocket 
floors, supported vertical concrete transverse partition walls full 
height, reinforcement. Each complete pocket divided into 
panels the concrete walls, which are placed 25-ft. centers. 
These walls are ft. long, about 3.5 ft. thick the base, where they 
about ft. long. 

Coal delivered the pockets standard-gauge cars each 
side the longitudinal partition, each track being supported two 
lines 30- steel plate girders, centers. tracks are 
enclosed monitor corrugated iron with slag roof. 
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The yard the pockets, for 114 horses, 
The yard Tenth and Norris Streets, which similar construe- 
tion, but with total capacity 117 tons, and stable 
The locomotive coaling station plant 
the Green Street Yard consisted, mechanical plant with 
wrought-i -iron frame -supporting frame coal pocket with 
storage capacity about 400 tons, the coal being, into 
hoppers beneath the tracks and raised into the pocket 
veyors.. was constructed about 1894. ashes were raised 
similar arrangement and loaded from small pockets into placed 
beneath, the framework, was almost entirely destroyed 
the lomocotive fumes, and the temporarily 
when the work elevating the tracks required its removal 
gide the yard. 
During the construction the elevated east 
requiring the entire abandonment portion the engine yard, 
temporary yard was built Wayne Junction and kept 
the new one was constructed. 


< 


detailed general plans were asked for the new station, 
based general plan the pocket located right angles the 
main tracks and provided with ashes- and. sand- facilities 
addition the handling coal. specifications for fol- 
lowing essentials in. the submitted: 

Building. concrete, and all pits below the 
the ground connected with adjacent sewers, sump and 
pumps provided for caring for the drainage. From the level the 
tracks and including the floor the pockets, the construction 
steel protected throughout with from the floor up, 
steel protected with concrete, reinforced concrete containing 
exposed metal. The building cover seven 
ing ashes from above, and’ six for to, 
receiving ashes from, delivered from special 
elevated track the east the main’ the’ level, 
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dumped into hoppers and raised into the pocket. The pockets 
twelve number, two over each coaling track. The combined 
storage 2000 tons. Each pocket provided with approved 
chutes, and with steam pipes and valves thaw the coal when frozen. 
Ash pits arranged enable engines coal and dump 
ashes the same time, and supplied with water for quenching 
the ashes. Provision made for pockets for storing 250 cu. yd. 
ashes. Hoppers with storage cu. yd. dry sand delivered from 
the high-level coaling track, and the necessary piping transport 
the sand air pressure the delivery pockets, each cu. yd. 
capacity, one over each coaling track, 

Machinery.—Duplicate machinery provided throughout, and 
designed for economy operation and maintenance; also, 
noiseless possible. Each coal-handling unit have guaranteed 
capacity 100 tons per hour. Machinery for handling ashes have 
capacity 250 cu. yd. hours from the six coaling tracks. 

power electricity, which will brought the 
building the Railway Company from power-house the west side 
the yard. 

number bids were received, based different methods 
handling both coal and ashes, and the contract was finally awarded 
the Link Belt Company. The total cost the work was $96 670.13. 
The principal items entering into this cost were follows: 


Building, drainage, $48 090 
Ashes-handling 590 
Sand-handling 


The proposals required the bidders name the following esti- 
mated figures, which the accepted bid were follows: 
Cost handling coal from cars loco- 
motive, based 700 tons hours. .$0.0225 per ton. 
Repairs maintenance coal-han- 


Cost handling ashes from pits cars, 

based 250 cu. yd. per hours..... eu. yd. 
Repairs and maintenance, ashes-handling 


The general arrangement the plant shown Plate LXIII. 
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The machinery consisted of. reciprocating feeders 
two Link. Belt, gravity-discharge, combined elevators:and conveyors. 
the horizontal runs the travel placed 
trough along which the coal conveyed. Each machine chain 
speed ft. per and 25-h.p. General Electric 
motor, the motive power being located the machinery room. 

The fire-boxes engines are cleaned into 
pits, and scraped through funnel-shaped cast-iron hoppers, with duplex 
gates and operating valves, duplex-pivoted overlapping bucket car- 
riers following rectangular paths and discharging into. the storage 
pockets. These buckets are overlapping and malleable iron, pivotly 
secured two strands heavy roller chain. 

Dry sand delivered from the receiving hopper, through pipes with 
reinforced bends, under air pressure lb. Special chutes lead 
from the delivery hoppers the engines, supplying sand gravity. 

The entire foundation the pockets reinforced concrete, and 
this material used for the construction above the floor the pockets, 
and properly designed according the requirements the Bureau 
Building Inspection, City Philadelphia. The drainage ar- 
ranged lead directly the city sewers. 

The high-level delivery track constructed grade, the 
station being located midway its length, that ten loaded coal 
cars can placed the upper end the grade, dropped gravity 


the hoppers, there unloaded, and dropped out the way, without 
reaching the main tracks. 


PERMANENT TRACKS. 


The main running tracks, previous starting work, were laid with 
rails Am. Soc. Section, the side tracks and yards with 
lighter and varying sections. complete survey and joint inventory 
was made all the existing track materials, répresentatives the 
City and the Railway Company, before the work was started. 
was for the eventually determining the respective shares 
each the cost the permanent the number tracks 
the completed work was the original number, and 


The City only joined the cost replacing the original weight, all 


many cases the new tracks were laid with heavier rails and fittings. 
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excess being betterment the Railway Company and paid for en- 
tirely All track details were furnished according the 
standard specifications the Railway Company. 

The most interesting details these are given 
herewith: 

Am. Soc. Section. Shrinkage, 6.5 in. ft. 
Chemical ‘composition 


Drop test: ft. centers supports; tup, anvil block, 
striking face tup, not more than in.; height drop, 
ties white rock oak. Dimensions, ft. in. 
long, in. thick, and not less than in. nor more than in. the 
narrowest face. 

hard, durable, broken trap rock, crushed that 
will not larger than will pass through 2.5-in. ring. 

Specials.—100% joint-plates; Verona nut-locks; hard-steel, centered 
frogs; Wharton, guard-rail clamps; Ramapo Pennsylvania Steel 
Company, switch stands; O’Brien, insulated joints. 
TEMPORARY SIGNALS. 

During changes the tracks, temporary block. signals were 
erected and maintained throughout the entire length.of the line, using 
old material, far possible, and adapting temporarily the 
new conditions. Where lead-outs the important yards were main- 
tained, where was necessary pass from two-track four- 
track condition, temporary towers were erected and connected with 
the necessary switches and signals with manual interlocking. All 
done Company forces, emergency orders covering the 
temporary track work, thus keeping the operation trains all times 
under the control the Operating Department; and avoiding all possi- 
bility interference with the safe movement trains. 


PERMANENT SIGNALS. 
Before the work elevation was started, the entire line was 
equipped with Hall automatic block signals, and two small manual 
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interlocking plants were located Fairmount Avenue’ and Hunting- 
don Street, respectively, control the shifting into the yards these 
elevated track plans were completed, was decided 
operate between Broad and Green Streets affecting 
the four main tracks from electro-pneumatic interlocking plants, ag- 
gregating working levers. These are follows: 


Cumberland Street working levers. 


working levers. 


The new signaling apparatus was put the Union Switch and 
Signal Company, and embodied the latest practice, such 
following: 


The auxiliary control all signals all switches means 
the duplications positions both switches and signals with 

Approach and route locking; 

Detector circuits; 

Federal switch guards. 


The high signals are semi-automatic, three-position, lower-quadrant 
type, with short “all route” “call-on” signal beneath, the same 
mast. All these signal masts are carried signal bridges. 

The short-arm signal two-position signal—horizontal for “stop” 
and 45° below the horizontal for “caution—proceed.” used call 
trains past the high signal signals the same mast, if, for 
any reason, the proper high signal cannot displayed the “pro- 
ceed” position, and this “call-on” feature accomplished push- 
button directly under the signal lever. addition its 
“eall-on” functions, the short-arm signal governs all the remaining 
routes, other than the two most important ones controlled the two 
high signals above it. The maximum number high arms any 
one two, governing only one route each. 

The Federal switch guards are ft. length, and are placed 
every switch, movable-point frog, derail, etc., over the entire territory. 
The detector are average 130 ft. length. 
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The route-locking the various plants arranged with releasing 
feature, whereby all switches the rear train the route are 
released fast the entire train clears the respective fouling limits 
the several switches involved the route. Thus route cannot 
changed ahead train, but may changed behind one, provided 
the home signal has been put the “stop” position. Hand time re- 
leases are installed for the release, when necessary, signal levers 
affected the approach locking feature. 

Electric lights are applied all switch 
levers, this being supplementary the detector circuit locking. 
Each light encased iron box with separate iron cover which 
there frosted-glass disc. This iron box directly under the 
levers, and all times view the signalman. These indicating 
lights are normally lighted up, illuminating the small white frosted- 
glass disc with number thereon corresponding its respective switch 
lever number, thus showing the signalman that there train the 
track circuit governing the switch, and the lever free thrown. 
The extinction the light indicates the presence train the 
switch, and that lever locked and cannot thrown. 

Approach and home indicators are provided the tower. The ap- 
proach indicator the type, and the home indicator, indicating 
from the home signal entirely through the interlocking, the sema- 
phore type. 

The semi-automatic high semaphore signals the entrance 
the interlocking provide the signal aspect for automatic indication 
through the interlocking block, that is, these signals will assume the 
(45°) position when the interlocking block unoc- 
cupied, and when the track and switches are right for the route gov- 
erned, and when the signalman throws lever, that is, these 
signals will from the “caution” the “proceed full speed” (90°) 
position, conditions are right for two blocks ahead. They will 
automatically the stop position, after the train has them and 
entered the interlocking block. 

The automatic signal aspect the end the block— 
governing the territory between and the next interlocking plant— 
double-head “home” and normal danger, Hall disc signal. 
These dise signals are wired conjunction with the semi-automatic 
semaphore signals, that, all cases, for all kinds signals, the 
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31.—WESTMORELAND AND NINETEENTH STREETS BEFORE WAS STARTED. 
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proper home and distant indications are given, and also that the disc 
signals through the will only clear the proper 

Broad Street the new signaling connects with 
semi-automatic signals, and with home and distant dise signals, 
above explained: The signaling the Green Street end joins 
two-position normal ‘clear automatic pneumatic semaphore home and 
distant signals, governing into the Reading Terminal. 

iron signal bridges the elevated carry masts 
for the high semaphore signals, short-arm signals, and 
side signals. Table gives the location, number tracks crossed, 
and cost same. Columbia Avenue Station, where 
spread apart account the station platforms, there two-track 
signal bridge north the station carrying signals for the south-bound 
tracks, and two-track bridge south the station with the signals for 
the north-bound movement. all cases the clearance from underside 
signal bridge top rail ft. in.; and the side clearance 
from leg bridge center line nearest track average 
ft. 

Throughout the entire territory, between Broad and Green 
switches are interlocked and controlled machine. 


TABLE 


Number 
Contract No. tracks: Cost. 


North Poplar Street 

Oxford Street—two bridges 
Columbia Avenue 


South Fairmount Avenue 


684 
558 
444 

489 
595 


100 
174 


pressed air (100 lb. per sq. in. the power-house) the towers through 
2-in. main air pipe, which buried in. the ballast alongside 
the track. There are reservoirs the main air pipe for drainage, and 
also auxiliary the branch pipes between the functions 
operated and the main air pipe. 

Electric current, furnished from the power plant Huntingdon 
Street volts and amperes (D. C.) for charging the necessary 
storage batteries the various interlocking towers. 
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The charging wire, etc., and all signal are laid 
trunking top, the side, and between the tracks the elevated 
structure. There main switch-board and rheostat the power 
house Huntingdon Street controlling the current for the charging 
the storage batteries, and also switch-board each plant for the 
control of.charging and discharging. These switch-boards the several 
plants are wired that, desired, the batteries four plants 
can charged one time, or, the other hand, any bat- 
tery batteries desired can cut off from charge and put discharge. 

Electricity used for the lighting all signals, towers, etc. The 
signal lanterns are specially designed, each containing two 2-c.p. in- 
candescent electric lights, and, for emergency use, an. oil fount, wick, 
The high-tension (1100 volts, for the electric lighting 
carried separate conduit from the trunking used for the signal 
wires, and this current, means transformers the ground 
each signal group, stepped down and changed 110 volts (D. C.) 
for the signal lamps. Separate trunking also run for these 110-volt 
wires. 

Communication between the towers provided for train de- 
and These train describers consist sending and 
receiving instruments for each track, and the description traffic 
accomplished the signalman pressing certain numbered buttons 
(according code) the sending instrument for certain track. 
This action appears corresponding receiving instrument the next 
tower, giving full information this signalman coming train move- 
ment. 

The signal tower Cumberland Street sets back from the center 
line the track ft., and brick building, three stories from the 
street—two stories above the elevated structure. has brick facings 
and overhanging tile roof. The inside dimensions are ft. in. 
ft. The machine the top story; the track level 
are the relay racks and relays and the storage batteries. the 
street level the room used for the signal maintainer and for the 

The tower Tenth Street the largest the four. triangu- 
lar plan, with the hypotenuse running parallel with the railroad. 
The arrangement the rooms similar that Cumberland Street. 

The tower Jefferson Street built the viaduct and back 


ft. from the center line the track. copper-sheathed, 
structure, with overhanging tile roof. The are ft. 

The tower Brown Street sets back from the center line the 
track brick; two stories high, and similar that 
Cumberland Street. The inside dimensions are ft. 
in. this tower placed temporary six-lever frame machine, 
with four working levers take care the converging the new 
four-track line into the old two-track line Green Street. This. will 
removed when the four-tracking is. completed into. the Reading 
Terminal. 


Location. 


Cost. 


The entire cost the interlocking ‘work, exclusive the signal 
towers and bridges, was $127 462.90. 


Water 


account the changed conditions the Green Street Engine 
Yard, was necessary lay new pipe lines, making connections 
with the existing water tanks the west side the 
and erect three new 12-in. Poage automatic water columns; re-erect 
old 8-in. the west the main tracks; and construct 
the pits and drainage the city sewers. The total cost this work 
was 


All the plans for the necessary changes the city streets ‘were 
prepared the Bureau Surveys and approved the, Railway Com- 
pany. The work was divided into five contracts. 

The work under these contracts included the underpinning the 
adjoining buildings, where the changes the streets affected their 
foundations; the excavation between house lines the new street 
level; the renewal and reconstruction all gas and water mains, 
conduits, and other underground structures; provision for 
temporary access all buildings, and the repaving driveways and 
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sidewalks. also covered the necessary adjustments and repaving 
streets, where there was change grade, but where the previous 
existence the tracks the railroad removal made such 
adjustments necessary. also covered the construction the smaller 
sewers, the work which could deferred until the were 
The work covered was generally shown Table 


TABLE 
Cost. 
Changes grade, Fairmount Avenue and other adjoining 
paving Ninth Street from Brown Jefferson changes 
Columbia Avenue and adjoining $122 833.27 
ustments streets, Berks York Streets; changes grade 
umberland, Thirteenth and adjoining 110 756.42 
Changes grade Alle Avenue, Westmoreland, Ontario and 
grade Hunting Park ‘Avenue and adjustments 
streets from Tioga Street Richmond 125.00 


The principal prices and the quantities the most important items 
are given Table 


TABLE 9—PRICES AND QUANTITIES. PRINCIPAL ITEMS 
STREET CONTRACTS FOR GRADING AND PAVING. 


ConTRACT 
108. No. 109. No. 110. No. 111. 


Excavation, cubic 24050 30547 $0.54) 64125 $0.54) 20918 
Rubble underpinning, 
cubic yards.............. 14.00 20.00 858 1460 14.00 
Granite block paving. 
square yards............. 8.15 809 8:15 066 
Sheet asphalt 
Cement sidewalk paving, 
6-in. cement curb, linear 
cement curb, linear 


Granite block repaving, 
Granite block paving, 6-in. 
concrete base, square 


INDUSTRIAL CONNECTIONS. 


Before the work was begun, there were many industrial connections 
the existing tracks, leading coal yards retail dealers, factories, 
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and for general industrial purposes. Under the law, the burden 
the reconstruction these connections falls principally the owner, 
the Railway Company cannot assist the cost reconstruction 
private property. The cost making the connections from the 
main tracks the right way was borne jointly the City and the 
Railway Company part the work elevation the tracks, where 
industrial connections formerly existed. Owing the requirements 
the safety appliance clauses the Interstate Commerce Commission, 
the Railway Company established minimum radius 150 ft. for 
the new connections, and, further, decided minimum length 
siding two cars. The radii many the former 
sidings was small ft., many cases requiring the insertion 
special extra links between cars operating, and even then attended 
frequent derailments. minimum cases, the new work, No. 
curved frog was used, and, with the minimum radius, this made 
possible maintain many connections where the frontage the rail- 
road was small. However, the more important connections have been 
maintained, although suits are pending where the new conditions have 
made their continuance impossible. Where coal yard sidings have been 
reconnected, the additional height has made possible for the owners 
many cases build pockets and load directly into wagons without 
extra handling. 
FENCE. 


Careful studies were made for the design railings placed 
along the retaining walls, and finally the gas-pipe railing with cast-iron 
posts shown Fig. was adopted. The specifications for the pipe 
required that dipped the shops red lead paint containing 
95% red oxide lead. The cost this type railing, including 
the attachment the walls, was follows: 


Cost per linear foot.. $0.58 $0.68 


After the work was well under way, the management the Railway 
Company decided enclose its property throughout, pre- 
vent trespassing, and plans were prepared for picket fence, designed 
make very difficult scale and the same time 


economical: possible. Gates the same type were also required 
all the industrial connections. 
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All the gas-pipe railing which furnished was stored and 
used other contracts where the walls required merely protection 
operatives, and were not property lines. 

Most the picket fence was furnished under Contract No. 36, but 
prices were obtained number other contracts. These prices 
included the priming with red lead and the erection and painting with 
two-coats standard Philadelphia and paint. The prices were 
follows: 

Fence per linear foot. $0.90 $1.15 $1.15 $1.50 $1.05 


The work under Contract No. included number iron gates for 
the entrances the various freight yards, item 580 for raising 
the Huntingdon Street foot bridge, and 819 fi. picket fence. 

The result placing the picket fences has been complete shut- 
ting out the trespassers from the tracks, the only approach 
them the freight yards stations. 


TELEGRAPH AND TELEPHONE. 


Before the elevation the tracks, the telegraph and telephone sys- 
tem was carried pole lines throughout the entire extent the work, 
addition the the Railway Company, those the Western 
Union Telegraph Company (operated under lease) had cared for. 

stant changing, and would have been much the way, it. was decided 
remove all through wires from the line. Accordingly, ar- 
rangements were made carry them cables through city conduits 
Thirty-first and Girard Avenue, and thence temporary 
cable attached the existing pole line along the main line West 
Falls, and thence the Richmond Branch Wayne Junction. 
The wires yards and. stations required for operation 
ried through the city streets, leased attachments private 
corporations, the several yards and stations, and few cases 
along the line during construction underground temporary trunking, 
The Railway Company elected place these wires underground 
permanently the solid elevated structure, cables vitrified clay 
ducts surrounded with concrete and cables attached the steel via- 
duct between Brown and Jefferson Streets. the City was not will- 
ing more than join the cost overhead pole line, it, was 
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decided have the Railway Company arrange and pay for the perma- 
nent installation, join only the cost replacing 
overhead pole line. crossing the bridges, the cables are either car- 
ried beneath the steelwork, passing through openings provided the 
back walls above the floor carried through the haunching against 
the girders through bituminized. conduits laid the concrete. 
Concrete manholes with steel covers are such intervals 
the drawing the cables makes necessary. The laying the ducts 
and the drawing the cables was done Company, forces, after 
was the tracks and soon the fill was sufficiently 
consolidated. 


The original lighting the line and the stations was means 
complete. stations and yards were lighted either gas elec- 
tricity, provided outside corporations. The lighting the new 
work complete, not only the yards and the stations, but also 
along the entire line, the current being furnished the power-houses 
the Company Wallace and Huntingdon Streets. The wires are 
from the power-houses along the line ducts bituminized 
fiber, laid concrete the masonry and fill sections, and over- 
head poles attached the steel viaduct. this work was entire 
betterment, was carried out Company forces conjunction with 
the Motive Power Department, and the entire cost borne the Rail- 
way Company. 

Data. 


Total number grade crossings abolished.................. 
Total number bridges, not including viaduct.............. 
Square feet bridges, including viaduct................... 352400 
Total weight structural steel bridges and viaduct, tons. 180 
Third-class masonry retaining walls, cubic 67500 
Concrete masonry abutments and walls, yards..... 151 800 
Lumber temporary trestle, thousands feet........... 
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Number reconstructed industrial 
Miles telegraph and telephone 3.8 
Excavation for changes street yards 139 620 
Street driveway paving, all kinds, square yards........... 192 
Street sidewalk paving, all kinds, square yards....... 
Plans prepared Railway and approved 347 
Plans prepared City and approved Railway............ 


Total number plans prepared Railway Company........ 
PrincipaL Construction 


July 6th, begun Engineer’s Huntingdon 
Street. 
October 2d, Work begun temporary yard, Nine- 
teenth and Indiana. 
August 1907. Work begun sewer contracts. 
Between Berks and Broad Streets. 


November 1907. Work begun temporary tracks, low level.. 


January 15th, Work begun retaining walls, ete., east side: 
January Two temporary tracks level, 
east side. 
November 27th, permanent tracks high level, 
west side. 
1911. Schedule trains all four tracks. 


Between Seventeenth and Indiana and Richmond Branch. 


October 4th, Work begun walls, west 


October 22d, 1910. Two temporary tracks west side, 


high level. 
June Full schedule travel over whole section. 
Between Green and Berks Streets. 
June 2d, 1909. Work begun foundations for viaduct. 


January 1st, 1911. Two tracks service east side, high level, 


viaduct and trestle. All grade crossings 
gone. 
December 17th, 1911. Full schedule travel all tracks. 
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ACKNOWLEDGMENT. 


The ordinance authorizing the work provided that carried out 
the Chief Engineer the Philadelphia and Reading Railway Com- 
pany and the Director the Department Public Works the City 
Philadelphia. The original plans were signed March 28th, 1907, 
William Hunter, Am. Soc. E., Chief Engineer the 
Railway Company, and Mr. John Hathaway, Director the 
Department Public Works; also Theodore Voorhees, Am. 
E., Vice-President the Railway Company, and George 
Webster, Am. E., Chief Engineer, Bureau Surveys, City 
Philadelphia. Since that time the same officials the Railway 
Company have continued office, while the Directors serving the 
City have been George Stearns, Harry Mackey, and Morris 
Cooke. Mr. George Baer has been President the Railway Com- 
pany, and the Mayors the City have been, the Hon. John Weaver, 
the Hon. John Reyburn, and the Hon. Rudolph Blankenburg. 

The engineering work, the preparation the plans and specifi- 
cations, well the work construction, was out the 
Railway Company under the direction William Hunter, Am. 
Soe. E., Chief Engineer, with the writer and Messrs. Chamber- 
lain and Assistant Engineers; and the 
City under the direction George Webster, Am. Soc. 
Chief Engineer, Bureau Surveys, Mr. James Phillips 
Assistant Engineer charge, and Assistant Engineers Jones Lucas, 
Am. E., Silas Griffith, Shelley, Arthur Singer, 
and Charles Stevens. 

During the entire time, all bridge plans were passed upon 
Reading Railway, and George Datesman, Am. Soc. E., was 
Principal Assistant Engineer, Bureau Surveys. 

The Operating Department the Railway Company rendered most 
valuable assistance throughout the entire work.. Mr. Agnew Dice, 
General Manager, and the following officers the Philadelphia Divi- 
sion, Warrington, Superintendent; Smith,.M. Am. Soe. 
E., Division Engineer; Geo. Supervisor; and 
Peters and Mansfield, Trainmasters. 
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‘Engineer Erection, McClintic-Marshall Construction Company, the 
writer desires express his appreciation for assistance the prepara- 
tion details this paper. 

all these gentlemen, the writer begs acknowledge kind as- 
sistance, advice, and courtesy rendered all times, and his superior 
officers for permission present the data contained this paper. 


AMERICAN SOCIETY CIVIL ENGINEERS 


INSTITUTED 1852 


PAPERS AND DISCUSSIONS 


This Society not responsible for any statement made opinion expressed 
its publications. 


TESTS CREOSOTED TIMBER.* 


under the same title, the writer reported the 
tests fourteen beams, which were taken from trestle railroad 
near New Orleans, and, the time the tests, had been use for 
years. The specifications for treating this timber with creosote 
were given the former paper, and need not repeated here. 

Recently, other beams, having been use more than years, were 
from the trestle and tested destruction. The material 
was similar that tested previously, and consisted southern pine 
stringers having cross-section approximately in. and length 
ft. For the purpose testing, each beam was cut into two parts, 
each about ft. long. the purpose this paper report the 
recent tests. 


The tests were made exactly the former case, using Riehlé 
100 machine, the Experimental Engineering Laboratory 
Tulane University Louisiana. order make this 
-complete, the methods stated the former paper are repeated here: 


“The machine provided with cast-iron beam for cross-bending 
tests. The distance between supports was ft. The method sup- 
port was follows: Each end the beam was provided with steel 
roller which rested the cast-iron beam the testing machine, 
while above the roller, and, directly under the beam tested, there was 
steel plate in. area and in. thick. The area was suf- 


This will not presented any meeting, but written communications the 
subject are invited for publication with Transactions. 
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ficiently great distribute the load and prevent the shearing the 
fibers the wood. The head the Riehlé machine in. wide. 
plate, in. thick, in. wide and long, placed between 
the head the machine and the beam tested. 

“The deflection was measured both sides each beam using 
silk threads stretched each side-from nails driven about in. above 
the bottom the beam and directly oyer the rollers which formed the 
beam its center and projecting the sides, the distance these 
threads was measured. These measurements were taken the nearest 
hundredth inch. The mean the deflections was taken the true 
deflection for any load. 

“In computing the various quantities shown the sum- 
mary results, the load has been assumed the 
center the beam. While true that the load was spread over 
length about in., due the width the head the machine 
and the plate between the beam tested, also true that there 
irregularities, such bolt-holes and, some cases, abrasions due 
wear, that could not well taken into account. was 
deemed sufficiently accurate consider the load concentrated. Be- 
sides the horizontal bolt-holes, shown the photographs, there were 
vertical bolt-holes, intervals all the beams. The latter were in. 
diameter, and every case they were sufficiently removed from: the 
center the length the beam allow the maximum moment 
the reduced section relatively less than that the center the 
beam. For this reason, correction was made for these holes. The 
broken beams often showed that rupture started at, was influenced 
by, some the holes, especially horizontal ones.” 


the previous paper the writer made some comparisons results 
with those large timbers tested elsewhere. The conclusion was: 


“The number tests was not sufficient settle questions 
average strength other qualities. will seen, however, that the 


treated timber years old compares favorably with the new untreated 
timber.” 


Although the tests now reported give average results slightly lower 
than those the former paper, the maximum breaking load occurred 
the recent tests, and the minimum all breaking loads was found 
the first set tests. view these facts, appears that. the 
conclusions apply the later tests this material, which, stated 
previously, has been use more than years. 

The writer indebted his colleague, Professor Robert, 
Tulane University, for valuable assistance this work. 
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TABLE 1.—Loap anp Beam 


Beam I-A. 
November 6th, 1912. 


Beam 
Date: November 8th, 1912. 


. 


Date 


in.; 


6.22 


ft.; (mean) 


in. 


6.03 


(mean) 15.89 in. 


’ 


Time min. 


(mean) 16.00 in. 


8.00 in. 


Time 


7.945 in. 


DEFLECTION, INCHEs. 


INCHES. 


sis 
= 


° 


< 
_ 
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TABLE 3.—Loap anp Beam III. 


Beam III. 
Date: November 20th, 1912. 
(mean) 15.50 in.; 


Beam III-A. 
Date: November 16th, 1912. 


500 First Crack 700 Failed. 


Maximum Load, 700 deflection 

Broke point 18in. from center; bottom 
fibers failed tension bolt-hole in. 
diameter axis hole vertical. 


tion, in.; 260 Ib. 
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TABLE 4.—Loap anp Beam 


Beam 
November 22d, 1912. 


Beam IV. 
November 27th, 1912. 


Date 


Date 


’ 


on 
~ 
A 
~ 


min. 


Time 


8.06 in. 


hour 


Time 


7.855 in. 


min. 


oe a 


250 First Crack 180 Failed. 


SHAD 
| 


de- 


065 
Load, 180 deflection, 


120 Ib. 


. 


flection, 0.600 in. 


Maximum 


Elastic Limit: Load, Ib. 


000 Ib. 


Elastic Limit: Load, deflection, 


Maximum Load 


. 


. 
. 


4575 


Bottom fibers broke tension near center 


specimen. 
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TABLE 5.—Loap anp Beam 


Beam 


Date: December 6th, 1912. 


Beam 


November 29th, 1912. 


Date: 


6.25 in.; 


(mean) 


(mean) 15.93 in.; 


7.965 in. 


Q 
Q 


TABLE Tests. 


spunod 


rained 
rained 


loblolly. 
Long-leaf pine. 


Long-leaf pine. 


Coarse-grained 


Coarse 
Coarse- 
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THE STORAGE FLOOD-WATERS FOR 
IRRIGATION 
STUDY THE SUPPLY AVAILABLE FROM 
SOUTHERN CALIFORNIA STREAMS. 


PRESENTED SEPTEMBER 3D, 1913. 


Many the richest sections California are valleys and plains 
the foot abrupt mountain ranges. The climate suitable for 
raising citrus and semi-tropical fruits, but, due the long summer 
droughts, this can only done where there sufficient water for 
irrigation. The value the products has been great, beginning 
with the small irrigation ditches the Spanish days, the most per- 
fect systems irrigation the United States have been built up. 

The source all the water used these sections the streams 
coming from the neighboring mountain ranges. secured 
direct diversion, storage surface reservoirs, pumping from 
the underground gravel beds fed these streams. large part 
the total run-off of. the streams comes during short rainy season, or, 
in. the case those heading the highest ranges, with the first hot 
weather the summer. Rainfall records for years Los Angeles 
show that average 75% fell during January, Febru- 
ary, and March, and the run-off Southern California streams shows 
corresponding percentage. the case some the streams head- 


papers are issued before the date set for presentation and discus- 
sion. Correspondence invited from those who cannot present the meeting, 
and may sent mail the Secretary. Discussion, either oral written, will 
published subsequent number Proceedings, and, when finally closed, the 
papers, with discussion full, will published 
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ing the snow fields the Sierra Nevadas, from 15% the 
total run-off comes during 10-day period June July. 
the late summer months, when irrigation needed most, 
the streams have reached low-water flow. For this reason many 
large storage reservoirs have and large areas are irrigated 
pumping from underground basins. 

rule, the aréa which placed under 
measured the quantity water available, and great expense 
warranted increasing the supply. many places there are 
practical reservoir sites directly the streams, and others the 
available reservoir capacity only small part the total run-off. 
Even where conditions are most favorable for storage, there are many 
seasons when insufficient for the total flood run-off. Irrigation 
has now reached point where all the flow available for direct diver- 
sion use, and, particularly Southern California, reservoirs 
have been constructed all available sites the streams. many 
places the pumping draft from underground basins great the 
inflow, greater. The percentage the total run-off which can 
put beneficial use can increased only diverting the flood flow 
reservoirs outside the natural drainage, increasing the flow 
into the underground basins. 

The question the quantity water available for storage this 
way becoming very important wherever the water supply for irriga- 
tion extensively developed. The principal problem the diversion 
large flow from the flood-water for short time and its storage 
for smaller flow during the entire irrigation season. This now 
being done number the late projects various parts the 
West. The object the investigation described this paper was 
get some idea the quantity water now being wasted, but still 
available for storage this way. The San Gabriel River, with unusu- 
ally good records was taken typical case. 

This river drains large portion the southern slope the San 
Gabriel Range, and one the three principal streams Southern 
California. The mountain area above the gauging station contains 
222 sq. miles, and somewhat rectangular, shown the map, 
Fig. The elevations range from 1000 ft. the gauging station 
10080 ft. San Antonio Peak, with average about 4000 ft. 
elevation about ft:, the ground covered with dense 
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growth brush; above that level there more less timber. The 
geological formation granite, with thin soil covering. Precipita- 
tion the form rain, except the higher peaks. Though there 
are rainfall records from any station inside the mountain drainage 
area, practically all the precipitation from the general storms 


shown the records for the neighboring valley stations, thé quantity 


increasing with the elevation. Below the gauging station, which 
the foot the mountains, the river flows across the San Gabriel Valley, 
wide gravel wash, through break the the Narrows, 
and across the Coastal Plain the Pacific Ocean, about 

The gauging station was established thé United States Geological 
Survey 1896, and the records obtained since 1898 are said 
very satisfactory. The records the flow from 1896 1902 are 
published the form monthly averages, and are shown Fig. .2. 
Since 1902 the daily flow published the annual Water Supply 
Papers giving the surface supply United States. The station 
well above all the river and below the diversion 
the power and irrigation canals. careful record the flow 
the kept, and given separate tables, but combined 
with the flow the gauging station the diagrams showing the 
daily flow the river from 1902 1910. (Figs. 10.) 

Years experience have shown that, for irrigation and power 
purposes, sec-ft. the greatest flow that can counted for 
any considerable length time, result, been the 
the diversion canals. Except during the rainy season, this 
diversion capacity great the total flow the stream, 
greater. Fig. shows the number days, during each the eight 
years, which the flow exceeded sec-ft., and the duration the 
varying flows 1000 sec-ft. The average for those years for 
which the flow was more than sec-ft. 148, and which 
was more 1000 sec-ft. days. The individual years 
differ greatly from this average. 

place has ever been found the drainage area where storage 
could obtained, and all the flow excess sec-ft. runs down 
the gravel wash the San Gabriel Valley. Here certain quantity 
passes into the underground storage the gravel beds, and supplies 
the numerous pumping plants scattered over the surface the under- 
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Oct. 


“"Seo-ft, 


MEAN, MAXIMUM, AND MINIMUM FLOW, 
SAN GABRIEL RIVER 
MONTHS, 1896 1901-02, 


500 Seo-ft. 
1896-97 

200 Sec-ft. 

500 Sec-ft. 
Dec Jan Feb. Mar Apr. May 
1897-98 
200 Sec-ft. 
80 Sec-ft, 80 Seo-ft. 


Apr. May Oct. Nov, Dec. Jan. Feb, Mar. Apr. 
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Depth of Run-off 0,02 in. 0,03 in, 
Rainfall at Upland 0 “ 
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DAILY FLOW 
SAN GABRIEL RIVER 


1902-03 


600 Sec-ft. 
280 Sec+ft. 
Sept. Oct. Nov Dec, Jan, Feb. 
0.10in, 0.16in, 0.77in, 0,48 in, 
O41“ 205 254° 210% 


DAILY FLOW 
SAN GABRIEL RIVER 
1903-04 


9.45 


IRRIGATION Papers. 


Total Discharge 104944 Acre-ft. 


Rainfall at Upland 
Total depth of 8.68 
Depth of Run-off used by Canals 2.80 *‘ 


Apr. May June July Aug. 
1,34in, 398in, 113in, 0,22in, 0,15 in, 
4.00 0.63 ** o“ 


Total Discharge Acre-ft. 


Total depth 2.49 
Depth of Run-off used by Canals 2.08 ‘* 


Depth of Run-off 0,12 in, 


Rainfall at Upland 0,42 “ 


500 Sec-ft. 500 Sec-ft. 
280 Sec-ft. 280 Sec-ft. 
80 Sec-ft. 80 Sec-ft. 
Sept. Oct. Nov Dec. | Jan. Reb, Mar. Apr. May June July Aug 
0.13 in. O.12in, 0.13in. O.13in. 0,23 in, 0.58 in, 0.46in. 0,34in. O.12in. 0.07 in. 0.07 in. 
0 0 0 0.39 4.26 “ 6.18 “ 1.77 “ 0.30 “ 0 Tr. 0.07 
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Total Discharge 159128 Acre-ft 


DAILY FLOW 
SAN GABRIEL RIVER 
1904.05 


Rainfall at Upland 
Total depth of Run-off 


Depth of Run-off used by Canals 3.11 ‘‘ 
fil! 


Sept. Oct. Nov. Dec. Jan. Feb. Mar. Apr. May June J — a 
Depth of Run-off 0,06 in. 0.06 in, 0.07 in, 0.19 in, 219in, 6.34in. 1.65in, 1.44in, 0.70in, 0,22 in, 


Rainfall at Upland 0 0,96 1,09 4.30 7.92 6.87 0,88 3.54 o« o“ 


1000 Sec-ft. 


to 8000 
to 9430 


Total Discharge 234776 Acre-ft. 


DAILY FLOW 
SAN GABRIEL RIVER 
1905-06 


Depth of Run-off used by Canals 3.73 ‘* 


1000 Sec-ft. 


500 Sec-ft, 


Sept. Oct. —— Dec. Jan. Feb. ae Apr. May June July Aug. 
Depth of Run-off 0.16 in. 0.15 in. 0.22in, O.21in. O35in, 0,32in. 11.22in, 290 in, 1,78in. L32in, 0.80in. 0.38 in, 


Sec-ft. 
1000 Sec-ft. 
Rainfall at Upland ____._...... 30.34in, 
Total depth of Run-off ____.._-.19.81 ‘* 
500 Sec-ft. 
. 
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2 > 
2000 Sec-ft. Total Disenarge 349540 Acre-ft. 
DAILY FLOW 
SAN GABRIEL RIVER 
1906-07 
Rainfall at Upland .-~......... 31.56 in. 
Total depth of Run-off - .......- 29.58 ** 
Depth of Run-off used by Canals 4.23 ** 
1000 Sec-ft. 


1000 Sec-ft. 


80 Sec-ft. 


500 Sec-ft. 


Sept. Oct. Nov Dec, Jan Feb. Mar. Apr. May June July Aug. 
Depth of Run-off 0.24In. 0.21 in. 0.20in, 0.98in. 4.92 in, 9,76in, L82in 6.71 in. 0.46 In. 
Rainfall at Upland Tr, 9107 871° 084° Q* oe 


Total Discharge 


DAILY FLOW 
SAN GABRIEL RIVER 


— 


Rainfall at Upland 
Total depth of 6.69 
Depth of Run-off used by Canals 4.03 ‘‘ 


1907-08 


— 


500 Sec-ft. 


Sept. Oct. Nov. Dec. Jan. Feb. Mar. Apr. May 
Depth of Run-off 0.30 in. 0.356 in. .0.82in. 0.30in. 0.94in. L26in, 1.07 in. 0.78in. O.61 in. 0.35 in. 0.22in. 0.19 in. 


Rainfaliat Upland 214" Lil“ 7.15% 4394 1.40% 1.32 0,60 o« Tr. o« 


280 Sec-ft. 
1000 Sec-ft. 1000 Sec-ft. 
500 Sec-ft. | 
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DAILY FLOW 


i Total Discharge 179850 Acre-ft. 
SAN GABRIEL RIVER 


1908-09 


0 to 80 Sec-ft. flow 43720 “* ** 


Sept. Oct. Nov. Dec. Jan. Feb. Mar. Apr. May June July Aug. 


Depth of Run-off O.17in, 0.17 im, O24in, 214in, 5.02in, 222in, 236in, 1L29in, O.72im, O43in, 0.26 in, 
Bainfallat Upland 1.96 1.03 0.36 Laz 1108 7.04 3.05" O17 O-* 0.05 0.02 


to 12500 


2000 Sec-ft. 


2000 Sec-ft. 


DAILY FLOW 
SAN GABRIEL RIVER 


Total Discharge 140040 Acre-ft. 


1000 Sec-ft. 1000 Sec-ft. 


500 Sec-ft. 


Sept. Oct. Nov. Dec. Jan. Feb. Mar. Apr. May June July Aug, 
Deptd of Run-off 0.20 im -. 0.19 in, 0,24in, 1.76 in. 6.87 in, O.97im O:8lin, O.70in. 0.43in. 0.14 im” 
Bainfall at Upland 0.36 2334 Ileal 288 0.66" 236. 0.20 


10. 


2000 Sec-ft. 2000 Sec-ft. 
1000 See-ft. 1000 
280 Sec-ft. 280 Sec-ft. 
7 
500 Sec-ft. 
3 


STORAGE FLOOD-WATERS FOR IRRIGATION 


be 


[Pa pers. 


Flow, 


STORAGE OF. FLOOD-WATERS FOR IRRIGATION 965 


ground basin. The remainder now waste water running into the 
Pacific 

difficult determine the quantity water entering the under- 
ground storage, exact measurements the waste flow have ever 
been made. The principal, factors governing are the character 
the material the surface the wash; the area covered stream, 
the the flow, the temperature the water, and the quantity 
suspended matter. All these factors will vary with the individual 
character the different periods flood flow. The late Clapp, 
Am. Soc. E., Hydrographer the Geological Survey, 
made some measurements along this line 1903,-but did not consider 
them all satisfactory. They showed maximum absorption 
sec-ft. May 23d; 1903, the main river channel between the 
gauging station and the Narrows, where much the surplus water 
the underground storage the San Gabriel Valley forced 
the surface. pumping used extensively the valley, the greater 
part the natural underground flow now being put use, and 
must taken into consideration calculating the available supply for 
further economic use. 

the case flood-water from the natural channel for 
surface storage, presumed that will used for irriga- 
tion territory tributary the underground. basin fed the stream. 
All return water would flow into and offset any losses caused 
the diversion. The quantity this return water not. determin- 
able, but variously estimated from 50% the water used. 
Again, any diversion, even the maximum economic quantity, 
still leave. times when there water flowing the natural 
channel, and will simply shorten the time when there water. flow- 
ing that For these reasons not considered necessary for 
any such diversion pass large flow order maintain the exist- 
ing conditions the water supply the underground basin. Where 
the diversion for the purpose increasing the underground storage, 
the conditions are somewhat different. The maximum storage pos- 
sible obtained the natural channel, and considerable 
flow should passed into before any diversion made, 

During the rainy season the majority years there are one 
more periods few days which the flow runs into the thousands 
these periods the flow too great and the duration 
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too short warrant handling any diversion. That part the 
total run-off the San Gabriel River which available for further 
use storage, either surface underground, the flow 
excess sec-ft. plus reasonable allowance for water entering 
the underground basin, but not including the extreme floods. 

For the purpose determining this flow, there are available the 
records the daily flow for the eight years, shown the hydro- 
graphs. The only way test the reliability any deductions drawn 
from these records, relation long periods time, com- 
parison with the rainfall records which have been kept for much 
longer time. This comparison will only apply general conditions, 
for, though the stream run-off dependent the precipita- 
tion, the percentage showing surface run-off varies greatly. Much 
depends the general seasonal conditions and the character 
the individual Fig. illustrates some characteristics 
the rainfall and run-off during years. shows how greatly 
the percentage the run-off depends the conditions which 
the rainfall comes. the season 1905-06 few very heavy storms 
gave large percentage run-off, which great part was 
extreme floods, while nearly the same rainfall 1908-09, coming 
number smaller storms, gave smaller total run-off with 
larger quantity under moderate flood stages. Similarly, the season 
1904-05, with the precipitation falling dry water-shed, less 
run-off for all stages flow. These are only few the factors which 
govern the quantity run-off resulting from the precipitation any 
given season. However, the general seasonal conditions precipita- 
tion give some valuable information regard the possible supply 
for storage. 

Fig. diagram showing the rainfall for number Southern 
California points. Fig. shows the seasonal rainfall number 
places near the drainage area, expressed percentages excess 
deficiency from the long-time mean. These diagrams show that the 
period from 1897 1900 was the dryest years, the dryest 
years, the San Diego records are any value for comparison. 
This far back the records extend, but early California 
history indicates that there was another period that kind little 
more than 100 years ago. This period might taken into consideration 
limiting condition, but any short-time average, using the records 
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during that time, would give results which would too low. The 
average rainfall from 1902 1910 very near the long-time average, 
and the different seasons represent all but very unusual conditions. The 
season 1903-04 had very light rainfall and that 1906-07 
unusually heavy one. Any drawn from the records 
these eight seasons, except abnormal should cover the condi- 


tions met the future. 


AVERAGE RAINFALL FOR 7 FOOT-HILL STATIONS AND 
OEPTH OF RUN-OFF FOR DIFFERENT DIVISIONS OF THE FLOW 


SAN GABRIEL RIVER 


General Seasonal 1902-03 1904-05 1905-06 
‘aie 16.27 10.60 19,89 15.61 
1906-07 1908-09 1909-10 
Fic. 12. 


once evident from the rainfall records that there are large number 
alternating seasons which the run-off comparatively small. Any 
large surface reservoir drawing its supply from diversion the flood 


flow would have furnish the supply for more than one irrigation 
with each filling. order the available supply for such 
reservoir, necessary select period during which the run-off 
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represents limiting minimum condition. Figs. show the 
total discharge for the flood periods under consideration and the dis- 
charge which would have been available for varying diversion capacities. 
Fig. shows the discharge curve for all flows 1000 sec-ft. for 
the several seasons. During these eight years, the period from Janu- 
ary, 1903, October, 1904, gives the limiting minimum condition. 
The rainfall records indicate that, other things being equal, the sup- 
ply available during this period, used during two irrigation seasons, 
would have been greater than that which would have been available 


FOR NUMBER 
SOUTHERN POINTS 


SAN BERNARDINO 


SAN DIEGO 


during any similar the seasons 1872, 1873, 1882, 
1883, 1899, and 1900. These seasons include 12% the years 
for which records are available, but each these years there would 
have been some storage water, some them probably enough for 
the half-reservoir capacity necessary for one irrigation season. 

was found, during the drought from 1897 1900, that practically 
every irrigation system Southern California depending sur- 
face water supply was covering too great territory for such period. 
was also shown that orchards could kept alive for one two years 
with very little water, the only loss being the crops for those seasons. 
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The increased cost water for irrigation, should considered 
necessary hold enough storage cover such period, would 
much greater than the value the lost crops. Also, the area land 


Mar. 
TOTAL DISCHARGE, 93 860 Aore-ft, 
000 


GABRIEL RIVER, 
DURING FLOOD PERIOD, 
AND DISCHARGE 
VARYING FLOW 


000 
000 
000 
000 
000 
Feb. Mar. Apr. May June 
1903 


150 000 Acre-ft. 


140 000 


60 000 


20 000 


15. 


which could placed under cultivation with the existing supply, and 
the resulting value that supply, would have greatly reduced. 
Another point that must taken into consideration that there can 


resort pumping, even great cost, cover short periods 
deficient supply. For these reasons not thought necessary 
consider extreme conditions for the economic minimum supply, 
and thought that the period from January, 1903, October, 1904, 
may taken the limiting economic condition the water supply 
which could obtained diversion the flood-waters the San 
Gabriel River for surface 


TOTAL DISCHARGE 

SAN GABRIEL RIVER 
DURING FLOOD PERIOD 
AND DISCHARGE NOT EXCEEDING 
VARYING RATES FLOW 


180 000 


140 000 


60 000 


The limiting conditions with regard the available supply for 
increasing the storage the underground basins are somewhat dif- 
ferent from those for surface storage. The slow movement the un- 
derground waters tends equalize the varying flows the 
years, and the great extent the underground basins gives almost un- 
limited storage capacity. Where the present pumping draft 
great the natural supply, greater, the full capacity these 
basins, above the limit economic pumping, available for in- 
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326 000 Acre-ft, 
320 000 
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VARYING RATES FLOW 
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TOTAL DISCHARGE 
SAN GABRIEL RIVER 
DURING FLOOD PERIOD 
AND DISCHARGE NOT EXCEEDING 
VARYING RATES FLOW 


Jan. Feb. Mar. Apr. May June 
1909 700 Acre-ft. 
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creased storage. The ultimate supply available the total flood 
run-off the maximum year; but, the cost spreading the water 
delivering shafts and galleries would considerable, the 
economic limit where the value the stored water will warrant 
the expense obtaining the storage. Although this will vary with 
each individual case, general average, this ‘is 
taken the maximum supply which can relied average 
one year out three. this case, again, short periods ex- 
treme flood cannot considered available. 

For the eight years under consideration, the season.of 1908-09 
meets this condition for the San Gabriel River. The rainfall records 
show that the years for which such records are available, 
the rainfall was greater than for that season, and for 70% was less. 
would seem probable that, the flow records for the seasons for 
which the rainfall records were available, would still meet 
this limiting condition. 

The measured run-off the San Gabriel River shows that, for the 
period from January, 1903, October, 1904, there were 210 days 
which the flow was more than the 80-sec-ft. capacity the present 
diversions. During that time little more than 76000 acre-ft. passed 
these diversions and down the wash the valley. this quan- 
tity 46000 acre-ft. could have been handled diversion having 
capacity 500 sec-ft. During these two seasons, there were 500 
acre-ft. available for the present canals with the 80-sec-ft. capacity. 
Similarly, during the season 1908-09, nearly acre-ft. passed 
the diversion point the present canals 175 days, with 81500 
acre-ft. available for diversion. During the entire season, 
44000 acre-ft. were available for the canals. were possible 
obtain storage for this water expense warranted its value, 
would possible double the area now irrigated from 
flow the river. 

The ratio between the the diversion and the discharge 
through during the flood season much smaller for large diversions 
than for small ones. the case surface storage, the diversion canal 
would large factor the total cost, and, increasing the under- 
ground storage, the number basins shafts and galleries would 
one the main factors. The size the diversion which would 
give discharge warranting the expense the storage matter 
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which would have worked-out connection with some special 
For the purpose obtaining idea possibilities 
such storage, two assumed cases are given. 

The first assumes that basin the foot-hills can converted into 
storage reservoir, and that the flood-waters the San Gabriel River 
can brought diversion canal. The limiting minimum 
supply assumed that for the period from January, 1903, 
October, 1904, covering two irrigation seasons. The loss evapora- 
tion and seepage assumed 25%, the duty water 
acre-ft. per acre, and the value the water right $1000 per inch 
annual flow. also assumed that, besides the 80-sec-ft. capacity 
the existing diversions, flow sec-ft. passed meet any 
possible ultimate losses the supply for underground storage prior 
water rights; that is, that water diverted until the flow more 
than 100 sec-ft., and, when more than that, flow least 
sec-ft. maintained the natural channel below the diversions. 
The details the results which could obtained such diversion, 
under these assumptions, are given Table 


San RIVER FOR SURFACE STORAGE. 


Quantity 
Diversion, Discharge, available for Area irrigated, Value 
second-feet. acre-feet. irrigation, acres. water right. 
acre-feet 
| 
100 275 820 $454 840 
200 100 575 644 223 
400 260 695 085 588 
500 180 685 659 186 288 
750 500 375 094 245 878 


the second assumed that series pools, connected 
with shafts and galleries, each capable absorbing flow sec-ft., 
constructed take the flood-waters the San Gabriel River. 
The flow taken for the computations that the single season 
1908-09. order increase the present underground storage, the 
present water level would have raised and the overflow from the 
low points the basin increased. assumed that this and other 
losses will take 50% the increased supply delivered the under- 
ground basin. Some the water stored the season under con- 
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sideration, and years when the flow greater, will have 
used equalize the deficiency the dryer years. assumed that 
two-thirds water which could stored during this season 
would available for pumping during any one season. The duty 
water, before, assumed acre-ft. per acre. The value 
the additional water stored this way very difficult estimate. 
Under general conditions, the cost pumping greater than the 
cost maintenance the distributing system from surface supply, 
and the capital invested less. case, increase 
underground storage would result the irrigation lands now 
little value, and would make them great value, assumed that the 
value the net available increased storage the same that for 
surface storage, that is, per inch for the water right. Besides 
the present diversion sec-ft., assumed that flow least 
100 maintained the natural channel whenever pos- 
sible, order assure the maximum absorption that channel. 
With these assumptions, the details the different possible diversions 
are given Table 


San River STORAGE. 


Quantity 
Diversion, Discharge, available for Area irrigated, Value 
second-feet. acre-feet. acres. water right. 
acre-feet. 


3 


© 


The general value $1000 per miner’s inch for water rights 
gives fair idea the local conditions the San Gabriel 
Valley. the current rate cents per inch per hour delivered 
the groves, the annual charge per inch about $175, 500. 
This, calculated acre-feet, gives warranted investment $171.23 
per acre-ft., including both storage and distributing system, for the 
net available stored water, and would warrant the construction 
very extensive storage systems. 


100 420 806 434 711 
150 920 640 728 840 
250 360 458 990 099 
400 500 167 244 508 
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There are many small streams Southern California having 
run-off which similar that the San Gabriel River, and the only 
way get any idea the available supply for storage from them 
comparison with it. The rainfall their drainage areas about 
the same. probable that the run-off per square mile from them 
greater than for the average the total drainage area the San 
Gabriel River, and that larger percentage comes extreme 
floods. However, would possible handle economically larger 
part the floods from the smaller streams. Under the assumptions 
given the two cases worked out, diversion capacity 2.25 sec-ft. 
per sq. mile drainage area will assure sufficient supply for 
reservoir storage 200 acre-ft. for each square mile, irrigating 
acres. cents per inch per hour this would warrant ex- 
penditure $13 250 per sq. mile drainage area. the same way, 
there would available for increasing the underground storage sup- 

many places where irrigation developed extensively, the 
conditions run-off are similar those the San Gabriel Moun- 
tains. Except few places where large natural storage basins 
have been found the streams, there large waste flood flow. 
the value the land and crops increases, the possibility obtain- 
ing more storage increases. Much remains done secure the 
maximum possible use the water supply almost all irrigated 
districts. 
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THE USE CEMENT FOR EXCLUDING WATER 
FROM OIL SANDS DRILLING WELLS.* 


connection with the drilling oil wells, cement being used 
increasing quantities for excluding from the oil sand the water 
strata nearer the surface. This water, not prevented from going 
down into the oil sand, will displace the oil, because its greater 
gravity, and eventually ruin the well. Unfortunately, the dam- 
age does not end here, for experiences the older fields have shown 
that this flooding the oil sand spreads gradually over wide areas, 
depending mainly the porosity the sand and the gravity the 
and, unless checked some manner, will ruin neighboring 
For this reason the encroachment water into the oil-bearing 
strata serious problem any oil-field, and particularly difficult 
overcome where the water strata are directly above below the oil- 
bearing sand. 

The mechanical difficulties and expense connected with this prob- 
lem have led careless operators take long chances times, and, 
many these cases, where the work has not been successful, there 
has been serious injury, not only such wells, but also adjoining 
properties. measure State relief has been obtained some 
States where laws have been passed requiring operators remedy 


*This paper will not presented any meeting, but written communications 
the subject are invited for publication with Transactions. 
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such defects, but generally agreed that the only permanently 
satisfactory method shut off the water effectually the time 
the well being drilled and before the hole has been carried into the oil 
sand. 

The development deep drilling, which has come with the intro- 
duction the use casing, has seen marked advances methods, 
4000 ft. more. such wells several “strings” pipe may used, 
the first and largest being carried down from the surface until 
falling against from the walls the hole and binding that 
cannot moved farther, either down. The next “string,” 
the collars which will run inside the first one, then put in, 
and drilling continued until this second string either landed 
frozen, and wells frequently contain strings 70-lb., 
40-lb., 10-in., 40-lb., 8-in., 28-lb., 64-in., 26-lb., and 44-in., 
124-lb., lap-welded, screw casing. the bottom each these 
strings there shoe with outside diameter slightly greater than 
that the pipe collars, that, the pipe lowered, the collars 
will sure pass through any opening through which the shoe has 
passed. 

Preventing the water from reaching the oil effected landing 
tight string pipe, called the “water string,” level known 
below the lowest water stratum and above the oil sand. This done 
before the hole drilled into the latter, and, wherever possible, the 
water string landed “shell,” the general oil-field term for any- 
hard compact rock. This illustrated Fig. some fields all 
that necessary stop drilling and drive the pipe into this shell; 
the well then baled dry, and, after standing day two, baler 
run ascertain whether not the pipe holding the water 
back. water has come in, means that the bond between the casing 
shoe and the shell not tight, that the casing leaks. The 
the leakage may determined special devices, and 
suitable remedy may applied. Often, however, hard shell 
which land the casing cannot found, and the pipe stopped 
when the shoe some soft measure such shale. either case, 
frequently happens that wells which have shown satisfactory 
water test the time drilling, have developed water later, due 
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gradual leaching through the interstices surrounding porous meas- 
ures. This uncertainty led the search for more thorough method 
sealing off the water, and the use cement has come recognized 
the only positive remedy. The problem, then, one placing 
from tons cement between the casing and the wall, the 
bottom holes ranging depth from 600 ft. 

all the methods described herein, when the hole has reached 
the desired depth which cement, reamed out wider for 
ft. above the bottom with under-reamer, tool which widens 
the hole with cutting lugs that spring out when lowered below the 
shoe. This gives additional room for the cement and insures 
better bond. The hole also cleaned mud and cuttings, and 
fresh water run in. The simplest method placing the cement 
that known “baling” in. The hole filled with water the top 
the casing, and the latter raised until the shoe ft. 
from the bottom. The cement, mixed thick grout, then run 
specially devised baler which dumps when reaches the bottom. 
When from tons (dry weight) have been placed this way, 
plug screwed into the casing collar the top, and the casing 
lowered. the casing full water, the weight the pipe forces 
large portion the cement out into the formation and between 
the casing and the wall the hole, the casing shoe lowered 
the bottom. final precaution, the casing driven, order 
force the shoe into the bottom far possible. Instead using 
baler, some operators prefer run the cement series 
long narrow bags tied the bottom the drilling tools; when the 
bottom few strokes the tools loosen the bags and 
break them that the cement freed. connection with these 
methods: the patented Baker “cement plug” sometimes used instead 
the one screwed into the top the casing before lowered. 
This plug light cast iron, made that may hung from the 
baler with soft rope and run down inside the casing. When lowered 
below the casing shoe and then raised with slight set 
clips the shoe, and the bottom opening the casing 
effectually closed. The casing then lowered, the cement forced 
the outside, and the baler loosened stronger pull which 
breaks the soft rope. The plug, being cast iron, easily drilled up. 
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method particular value very deep wells, which 
the water string tends “freeze” unless moved frequent intervals, 
that known the disk method, which patented packers are used. 
This requires that “circulation” obtained, that is, that there 
free passage for fluid pumped down inside the pipe come the 
pump the type the oil-fields for pumping mud drilling 
wells with the rotary system, and connected the casing head 
with section pressure armored hose, shown Fig. 


Cement Box 


Steam 
(©) Thiet 


Pump 


Fie. 


pounds before the fluid will create passage the outside the 
pipe from the casing shoe the surface. When this circulation has 
been obtained, the casing suspended that the shoe ft. 
from the bottom and enough fresh water pumped insure 
thorough cleaning the bottom. The packers are wood cast iron, 
and have heavy canvas rubber washers. which fill the space inside 
the casing, shown Fig. The lower one about ft. long, and, 
after has been placed the casing, the pump suction connected 
with the box which the.cement has been mixed just thin enough 
pump readily. The cement then pumped against the lower 
packer, forcing down until the cement box drained; the top 
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follows, and water then pumped against latter, 
the combination lower packer, cement, and top packer 
down the pipe. When the lower packer passes the casing shoe, falls 
the bottom the hole and permits the cement pass around the 
shoe and the outside the casing. The top packer such 
length that when has forced the cement out the pipe and strikes 
the lower packer, its top set washers will not have passed out the 
casing, and, cannot move farther, will raise the pressure inside 
the casing and stop the pump. The casing then the bottom, 
the been placed outside the pipe the bottom the 
hole, and the packers, like the eement plug, are easily drilled after 
the cement has set. The main objections this method are the 
danger the packers sticking while going down inside the casing 
and the fact that the lower packer may fall the bottom-in such way 
prevent the casing shoe from being landed squarely the bot- 
tom, and thus get under that the bond broken when the packer 
drilled up. 

following method more general use, has seemed 
secure better results and has patented features: this, the 
packer method, the principle pumping the cement under con- 
ditions that force the outside the casing used, but this 
done with extra string small pipe, usually tubing, which 
lowered inside the casing. After the hole has been drilled the 
desired and circulation obtained, the casing sus- 
pended with its shoe about ft. from the bottom; the hole filled 
with water the top the casing, and string tubing run 
until its bottom slightly above the casing shoe. The packing head, 
shown Fig. screwed into the casing collar the top, and 
the gland this head acts stuffing-box around the tubing. Then, 
with the casing full water, when water pumped through the 
tubing, its only course the outside the casing. The surface 
arrangement pump similar that for the packer method 
(Fig. 3). the bottom the tubing has been placed either bush- 
ing swedge nipple, reducing the opening from in. First, 
fresh water pumped into the tubing, and this followed with the 
cement grout; soon the cement all in, the plug the tubing 
tee above the packing head unscrewed, and wooden plug with 
washer dropped the cement. The tubing plug then 


q 


Papers.] CEMENT EXCLUDE WATER FROM OIL WELLS 985 


replaced, and water 


pumped in: against the 


wooden plug, chasing 
the column cement 
down the tubing. The 
water the casing 
incompressible, and the 
cement travel 
around the and 
the outside. The 
purpose the swedge 
nipple the bottom 
the tubing show 
when the has 
passed out. The plug 


pressure the gauge 
the pump goes up. 
The then low- 
ered the bottom, and 


the tubing pulled out 


rapidly possible 
whatever ce- 
ment has remained in- 
side the casing may 
baled out before has 
had time set. The 
cement then allowed 
after 
which the well drilled 
few feet ahead the 
shoe and baled 
dry. water. has 
24-hour period, shows 
that the work has been 
successful, and drilling 
operations are resumed. 
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one well cemented the writer, still lower water sand was 
encountered. Back string 8-in., casing, tons cement 
had been placed, and was desired shut off all the water with 
the 8-in. string and use 6-in. string finish the well, the former was 


off about 200 ft. from the bottom and the: hole was re-drilled off 


the side the 8-in. pipe left the old hole. This known “side- 
tracking,” and the new hole goes off the side the old pipe and down 
directly beside it. This gave opportunity learn how far up, 
the outside the casing, the cement had set, and was found 
ft. 

the preliminary operation securing circulation, the fluid 
may come the surface the outside the pipe, even though 
not coming around the shoe, leak exists the casing. This 
may determined continuing pump and lowering the casing 
the bottom the hole; there leak, the circulation will con- 
tinue; the circulation has been entirely around the shoe, then when 
the latter placed the bottom, the fluid will held and the 
pump pressure will raised. 

From tons (dry weight) cement are generally: used, 
pending conditions; and even larger quantities are inserted where 
unusual cavity filled. Before being mixed with water the 
cement should sereened, and particular care should taken that 
pieces bags strings get into the suction line. Preferences. 
for different brands cement are found different localities, but there 
appears little advantage any one kind cement, the time 
initial set long enough cover the period mixing and pump- 
ing it, and lowering the casing. Sand should not mixed with the 
and the grout should given every opportunity set; for 
this reason the hole should made free from mud, oil, and gas 
possible, the latter especially tending prevent the set keeping 
the cement motion. 

sometimes happens, particularly new territory, that after the 
oil sand has been penetrated and the well being drilled still deeper, 
another water sand encountered, known “bottom” water. Under 
such conditions, the presence active oil and gas, 
the work becomes more difficult. The most effective method pull 
the casing until the shoe short distance below the bottom 
the oil sand, and then build “bridge” the hole below the shoe 
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running broken pieces brick and common manila rope. This 
bridge closes the hole and forms landing place for the casing shoe 
after the cement has been run in. More care gauging the quantity 


cement placed necessary this case, order that none 
may reach the oil sand and clog it, thereby tending interfere with 
the oil production. 
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THE PREWITT RESERVOIR PROPOSITION.* 


SEPTEMBER 17TH, 1913. 


The Prewitt Reservoir Proposition was conceived and developed 
the Great Western Sugar Company for the purpose increasing 
the effective water supply the lower South Platte Valley, the 
vicinity Sterling. This Company, strictly speaking, not engaged 
the business promoting irrigation propositions, but the manu- 
facture sugar from beets. Though the promotion irrigation propo- 
sitions not, itself, one its functions, has very definite in- 
direct interest the effectiveness the water supply the regions 
which operates. 

Farmers will not raise beets, except profit, and beet culture 
cannot conducted profit the producer, except regions 
which certain supply water available for use well into 
September. 

This Company owns and operates three important sugar factories 
the valley the South Platte River: Sterling, Brush, and 
Fort Morgan. The combined daily capacity these plants, during 
the sugar-making campaign, nearly 3000 tons. order that their 
operation may profitable, necessary that they supplied with 
sufficient tonnage beets keep them running least 100 days 
during each This requires about 300 000 tons beets. 


papers are issued before the date set for presentation and discus- 
sion. Correspondence invited from those who cannot present the meeting, 
and may sent mail the Secretary. Discussion, either oral written, will 
published subsequent number Proceedings, and, when finally closed, the 
papers, with discussion full, will published Transactions. 
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After these 


some vears, the 


sugar plants were constructed, was found that, 
water supply was not sufficient, during the later part 
the growing season, full yield beets; the result was that 
the supply of the latter was reduced, and the operating time of these 
factories was curtailed period which was too short give profit 
from their operation. one season, was even found necessary, 
this account, to close one of the factories entirely. 

The enforced idleness, throughout entire season, plant 
viewed with equanimity, and, order lessen the probability 
its recurrence, the Sugar Company the idea adding 
the effective water supply the additional plant for 
the storage and conservation the water supply existing but not yet 
made available for the requirements this region. 

The Prewitt Reservoir Proposition contemplates the storage, and 
conservation for use the latter part the growing season, about 
water, addition that which has been heretofore 
available. 

This proposition has been conceived, financed, and developed by 
the Great Western Sugar Company, and has been delivered the 
and the Logan Irrigation Districts, practically the actual cost 
construction the works; the Company, reimbursement for its 


expenditure, accepting the bonds the two districts par. 


The Irrigation Distriet comprises area about 600 
acres land, extending along the South Platte Valley 
from point about miles down the river from Sterling, point 
miles below that town. 

Most this area well improved and under 
irrigated present, and has been for many years, direct diversion 
from the through the following The Tliff and Platte 
Valley, the Powell and Dillon, the Harmony (Ditches Nos. and 


8). the B., the Bravo, and the Powell and Bland. 


District. 


The Logan Irrigation District comprises, also, area about 


acres, extending along the South Platte River from point 
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about miles the river from Sterling, point about miles down 
stream from that town. 


Like the Iliff District, this area well improved, and has been 


under cultivation for many years. Its water supply dependent 


direct diversion from the river, through the following ditches: 
The Pawnee, the Springdale, the South Platte Extension, and the 
Davis Brothers. 


The territory both these districts well improved, 


enjoyed reasonable degree prosperity, without the advantage 
impounded water supply. hoped that this prosperity will 
materially the more certain water supply which 


expected under the operation the proposition here under consideration. 


The Prewitt Reservoir Basin consists essentially 

sandy depression the plains bordering the South Platte River. 

about miles from the South Platte River, about the same distance 

from the Town Merino, the Julesburg Division the Union 
Pacific Railroad, and miles southwest from Sterling. 

Its improvement has consisted the construction earthen 


embankment, about miles long, occupying about one-third 


ts 
contour; the construction inlet miles long, from the 
river, and outlet canal, miles long, designed for returning the im- 
pounded waters the river for re-diversion through the ditches pre- 
viously named, and application the lands the districts. 

The Reservoir reservoir embankment has 


maximum height This height reached only one place, 


and extends for distance less than 100 ft. For the greater por- 
tion its length, the height does not exceed the average being 
about ft. 

the water side. Where the height does not exceed ft., the outside 
slopes are also uniformly horizontal vertical. Where the height 
exceeds ft., the outside slopes, from the top the embankment 
elevation ft. below the top, are, likewise, horizontal vertical, 
and, from this elevation the base the fill, they are horizontal 
vertical. The top width, throughout. and the crest ft. 


above the level the highest proposed water the reservoir. 
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The material which the embankment founded, and which 
constructed, consists essentially very fine sand mixed with 
small percentage 

Prior the construction the embankment, longitudinal trench 
was excavated along the entire site, its center line being coincident 
with that the embankment. This trench was made ft. deep and 
ft. wide the bottom, with side slopes horizontal 


Before depositing any earth for the embankment proper, this trench 


was partly filled with water, which selected material was deposited 
2-ft. layers. This operation was repeated three times the filling 
the trench. The water for this purpose was pumped from series 
sixteen wells, put down just outside the lower toe the embank- 
ment, intervals about 1000 water was thus fur- 
nished and used, effect, not merely the moistening, but the actual 
puddling, the material deposited the 

The purpose this trench was break the 
any seam which there might between the soil the site and the 
material the superimposed embankment. was also designed 
eut off and intercept the channels any dog gopher holes which 
might the material underlying the embankment. 

After the trench had been filled, and the site had been cleared 
all vegetable matter and plowed depth in., the 
tion the embankment proper was begun. 

The material was deposited layers not exceeding ft. thick- 
ness. Each layer was then thoroughly wetted, before the deposition 
the next, with water pumped from the wells. Then was rolled 
with corrugated roller weighing 125 per in. length. This opera- 
tion was repeated successively until the full height the embankment 
was reached. The wetting this material prior each rolling resulted 
the actual wetting the whole layer, not the mere moistening 
the surface. The claim have kept records their 
pumping operations, and these disclose the fact that the volume water 
pumped into the material exceeded that the embankment itself; 
other words, the volume water put into the embankment exceeded 
that the earth. 

Protection Embankment Against Wave water side 


the embankment protected against wave action covering 
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PLACING CONCRETE PROTECTION SLABS 


EMBANKMENT. 


ON Face OF RESERVOIR 


SLABS, AND REINFORCEMENT 


ALTERNATE SLABS. 
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concrete, in. thick, extending from its foot within ft. its top, 
where joins vertical parapet wall concrete. The latter ft. 
high, and extends ft. above the crest the embankment, and ft. 
above the elevation the highest proposed water the reservoir. 
This parapet in. thick, and L-shaped, with vertical leg 
ft. and horizontal leg ft. Both legs are reinforced each 
direction with square, twisted bars intervals in. 

the foot the surface protection, and connected therewith 
reinforcing rods steel, there vertical “toe-wall,” extending ft. 
into the ground below the edge the latter. This toe-wall in. 
thick, and reinforced horizontally and vertically with steel bars 
intervals in. 

The concrete sheathing which covers the surface the embankment 
individual slabs, each ft. wide, and continuous length from 
the parapet wall the top the toe wall its foot. 

These slabs were laid two distinct sets, the first set being 
placed with intervening spaces the same widths the slabs them- 
selves. After the first ones had become thoroughly set, the alternate 
slabs were placed. Side forms were placed for the first set slabs, 
but their edges constituted the forms for the alternate set. 

Under each line forming the junction adjacent slabs, and de- 
signed for the purpose breaking the joints between the latter, 
there are concrete stringers, extending from the top the bottom 
the inclined surface protected. These stringers are in. thick 
and in. wide, and each reinforced with three bars 
square, twisted, steel placed midway between the upper and lower 
surfaces the stringer. The edges adjacent protection slabs are 
coincident with the center line these stringers, each slab lapping over 
the stringer in. was expected that this arrangement would break 
the joints between the edges the slabs, and prevent the removal 
sand and earth through seams which might caused the contrac- 
tion the slabs. 

The slabs are reinforced both directions with square, twisted, 
steel rods intervals in. Great care was taken ensure that 
these rods would midway between the two surfaces the concrete. 
The longitudinal and cross-rods were secured one another with wire 
fastenings each alternate intersection. 


The concrete all this revetment was composed part Ideal 
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Portland cement and parts clean, sharp, river sand. Gravel was 
not used because none was obtainable within permissible transporta- 
tion limits. 

The Inlet Canal.—The inlet canal, conveying the water from the river 
the reservoir, miles long, and gradient 0.025 per 100, 
equivalent about in. per mile, the computed velocity being 
2.9 ft. per with the canal running full. 

The canal has uniform bottom width ft., and side slopes 
horizontal vertical. built through comparatively level 
country, and has embankment each side. The top width these 
embankments ft., and the crest elevation ft. above the 
bottom the canal and ft. above the elevation highest water. 

The canal located mostly tangents, there being only six curves, 
which the sharpest degrees. Its computed discharge, for depth 
ft., about 695 ft. per 

About mile below the point where the canal diverted from the 
river, waste channel extends back the river, distance mile. 
This has been designed assist removing sand from the canal. 
side with top widths ft. and crest elevations ft. above the 
bottom the channel. 

the origin this waste canal there double structure which 
effects the shutting off either both channels, that the entire 
volume water may conveyed through the inlet canal the 
reservoir, back the river through the waste channel, 
desired. 

this structure there are two sets regulating gates, one across 
each channel. There are nine gates each set, each gate serving 
close aperture ft. wide. The tops the gates each set are 
the same elevation, but the bottoms those for the waste channel 
are ft. lower than those for the inlet canal. The latter are the 
same elevation the grade line the inlet This arrangement 
was made order increase the gradient the first mile the inlet 
times when might desired sluice sand out it. 
such times, the check-gates across the inlet canal will closed, and 
the waste-gates opened, which will increase ft. the 


effective gradient the inlet canal from the river this point. When 


| 

| 


e 


n 


THE PREWITT 


RESERVOIR PROPOSITION 


FI 


SIpE VIEW 
CONCRETE 


G. 5.—TorE-WALL IN THE FORMS. 


OF 
PROTECTION 


OUTLET WORKS FROM THE RESERVOIR, 


ON FACE OF EMBANKMEN?. 


on 


SHOWING 


= 
7 i 
> 
( 
4 


4 

| 

{ 


THE PREWITT RESERVOIR PROPOSITION 


| 


. 


— 


VIEW STRUCTURE, HEAD INLET CANAL. 


a 
4 


8.—CONCRETE CULVERT SIPHON CONVEYING CANAL UNDER OUTLET 
CANAL FROM RESERVOIR. 


> ‘ 4 
apers. 
1001 
: 
a 
| { 
a 
7 
3 ; 
7 rf 
j 
» 


{ 
7 


Papers. THE PREWITT RESERVOIR PROPOSITION 


the sluicing operations are concluded, the waste-gates will closed 
and the check-gates opened, thus restoring the normal gradient the 
inlet canal. 

Structures the Inlet Canal.—The head-gate the origin the 
inlet canal reinforced with square, twisted, steel 
bars, and founded round piles, driven ft. into the ground. 
has nine 9-ft. apertures, closed steel gates operated rising 
screw stems, in. diameter the root the thread. The gates 
are raised and lowered hand-wheels, operating steel balls running 
bronze grooves. 

The sides, partitions, and floors are in. thick, and are reinforced 
with square, twisted, steel bars, horizontal and vertical pairs, 
intervals in., making lin. ft. reinforeing rod each 
foot concrete. 

The double structure the point where the waste canal originates 
composed two parts, each all essential respects similar the 
head-gate just except that the heights the gates differ, 
and the waste structure has drop ft. beginning short distance 
behind the gates, thus combining the functions waste-gate and 
drop. 

There are four concrete drops the inlet canal, designed for the 
purpose accommodating the fall the country excess 
that required for the gradient the canal. Three these lower 
the grade the canal ft. each; the fourth the terminus 
the inlet canal, where enters the reservoir basin, and consists 
two successive drops ft. 

all cases these drops consist reverse curves vertical 
planes, and the sides the structures conform the section the 
with slopes horizontal vertical. Each has five cut-off 
walls extending below the floor and sides depths ft. more. 
These walls rest round piles, driven ft. into the ground. The 
sides, floors, and cut-off walls are all cases in. thick, and are 
reinforced the manner described for the head-gate structure, involv- 
ing lin. ft. steel rod for each cubic foot concrete. 

There are nine bridges crossing the canals this system. These 
are all steel spans concrete abutments, obstructions being per- 
mitted the channels, aside from the partitions the head-gate and 


bifureation structures, which could not avoided. 
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The Outlet Canal.—The outlet canal from the reservoir the river 
miles long. Its bottom width ft., its side slopes are hori- 
zontal vertical, and designed convey maximum depth 
ft. Its embankments are ft. wide, with crest elevation 
ft. above the bottom the canal, ft. above the highest proposed 
water. 

has gradient ft. per mile, thus inducing theoretical 
velocity 3.1 ft. per when running full capacity, with dis- 
charge about 525 cu. ft. per sec. 

addition concrete rating weir, distribution gate for de- 
livering water the South Platte Extension Ditch, and two concrete 
siphons for conveying the water certain lateral ditches from the 
South Platte Ditch under its channel, there are only two important 
structures this line. One these siphon for carrying the 
waters the South Platte Ditch under this canal, the 
line the latter; the other 5-ft. drop, similar all respects 
those already described. 

The River Diversion Weir—The river channel, the point 
diversion the inlet canal, has width about 1500 ft., from 
bank bank. Only about 400 ft. this distance, however, carries 
water during ordinary stages the river. The remainder consists 
low-lying lands traversed minor channels, which are ordinarily 
dry, but are submerged and carry considerable volumes water dur- 
ing flood periods. 

The diversion weir consists two structures distinctly dif- 
ferent types, which will designated Divisions One and Two. 

Division One that portion the river bed which has been 
deseribed the channel proper, through which the normal flow 
discharged. consists framed timber structure founded four 
rows round piles driven ft. into the sands the river bed, and 
two rows Wakefield sheet-piling designed cut-off diaphragms for 
preventing the passage water under the structure. piece 
the Wakefield sheet-piling, consists three pieces 12-in. plank, 
ft. long, fastened with 60-penny wire spikes, the form 
tongued and grooved member. 

This structure has its top movable device which can elevated 


depressed, may desired. periods very high water, when 
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the adjoining lands would danger overflow, intended that 
this movable superstructure will depressed, giving larger waterway 
for the passage flood-waters. other times, when the flow 
normal, will elevated, raising the surface the elevation 
highest water the canal. 

The crest the fixed structure about ft. above the natural 
surface the river channel and ft. above the floor the head-gate 
the inlet canal, the latter being ft. below the natural bed 
the stream. The movable device permits the elevation the effective 
ft. 

This division the diversion weir provided with 
ways, regulated with flash-boards, which when opened permit the water 
front the weir lowered elevation ft. below the crest 
the fixed structure. One these the end the weir next 
the head-gate; the other near the middle the portion designated 
Division One. ft. wide and divided into six 5-ft. 
openings, separated steel girder diaphragms designed for supporting 
flash-boards. The length this division the structure 435 ft. 

Division Two this structure and closes permanently, 
that part the channel which ordinary stages the river 
practically without water. consists essentially earthen fill, 
ft. wide top, with side-slopes, and protected the up- 
stream side with concrete the same manner the reservoir em- 
bankment, except that, this case, there vertical parapet wall 
the top the protection. 

For the purpose preventing the passage water through the 
sands the river bed under this embankment, line Wakefield 
sheet-piling ft. long was driven along its center line from one 
end the other. This sheeting was driven depths varying from 
and its upper ends project above the surface, heights 
varying from ft., and thus extend into the embankment. 

The total length this structure 980 ft. Its connection with 
Division One effected wall which rests piles and 
buttressed the side contact with the earthen structure. The 
elevation the top this structure ft. above the fixed crest 


Division One, ft. above the top the movable superstructure 


thereof when the latter erected. 
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GENERAL COMMENTS. 

not claimed for this proposition that embodies any remark- 
able unique features unusual interest superiority. The basin 
itself means typical, its area being out proportion its 
depth. site which very sandy, and expected that 
much water will lost and seepage during the early 
years its operation. 

Its unusual extent embankment miles length), constructed 
almost entirely fine sand, and founded the same material, 
carries with definite liability which cannot entirely ignored, 
even though the danger does not appear imminent. 

its extremely short inlet miles, and its outlet the 
river miles, both constructed through comparatively level 
country involving physical problems difficulty, has, however, 
natural advantage which not found, like degree, any similar 
proposition the South Platte Valley. 

The feature merit which claimed for this proposition, dis- 
tinguishing from most others heretofore developed private en- 
terprise this region, the substantial and permanent character 
its structures. 

Aside from the diversion weir across the river the origin 
the inlet canal, there not structure the work which not exe- 
cuted substantially reinforced concrete steel. 

All these structures have been built under specifications which were 
more than ordinarily exacting, and the work has been executed more 
definite conformity the specifications than has been customary 
most developments this character. 

With reference the probable permanence and effectiveness 
the works, there appear reasonable grounds for apprehension, 
aside from the uncertainty that must faced the possibility 
protecting effectually earthen embankment friable material 
against the destructive effects wave action during the high winds 
which frequently prevail the plains regions during the spring. 

the writer’s opinion, absolute safety, under these circumstances, 
cannot predicated earthen embankment constructed material 
readily responsive erosion, the protection which depends merely 
sheathing concrete covering material which, itself, has 


power resistance against the erosive action moving water. 
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Though the concrete protection here under consideration has been 
executed more effectively than can claimed for most works this 
character with which the writer acquainted, and though its design 
embodies every precaution that was able devise, within the 
limits expense that could borne the enterprise, cannot escape 
the conviction that definite uncertainty exists the entire 
this and other works like character, created with the same end 
view. 

development this proposition involved the placing 
cu. yd. the composition which 121000 sacks 
cement, and 660 tons reinforcing steel were used. addition 
the steel, about tons structural steel were used 
building the structures, exclusive the nine steel bridges crossing 
the different canals. The total expenditure was somewhat less than 
$700 000. 
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FLOWS. 


The determination the magnitude the maximum flood that 
lems connected with The problem complex 
one because floods are produced combinations large number 
conditions, many which are themselves variable quantities. 

Floods which have occurred some rivers have been greatly 
excess others the same river. These great floods come rarely 
any one river, but extraordinary flood occurs some river every 
year. study their past frequency gives the best indication 
what may expected the future. 

The object this paper is: Ist, present study the fre- 
queney floods; 2d, show the relation between the catchment 
area and the magnitude the flood; and 3d, present formulas 
and tables serve aid judgment estimating the probable 
maximum fiood expected river. 

Formulas for problems this nature should considered only 
convenient and simple means expressing the data. serve 
framework which arrange the data orderly manner, 
that they can better understood and more readily used. The 


formulas are value only when accompanied clear and concise 
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tables data. The tables here presented contain deduced 
from the data for many streams. These coefficients show the flood- 
producing capacity the streams. Coefficients are given for streams 
various parts the country, and should prove service select- 
ing coefficients for others for which local data are not available. 

The conditions which produce affect floods may divided into 
two First, those which relate one stream and tend make 
all floods greater less than others; and second, those which 
are general their effect, far area concerned, but are variable 
time, tending produce floods various magnitudes from time 
time. 

the first class may included the following: The prevailing 
conditions rainfall; the size, shape, and slope the area; 
the character the soil and vegetation the catchment area; the 
physical characteristics the stream channel; the storage capacity 
reservoirs, and many other physical the catch- 
ment area and the stream itself. Some these characteristics may 
changed time the action the elements the works 
man, otherwise, their effect floods may considered constant. 

the second class may included the following: The rate 
rainfall; the snow conditions; the temperature conditions; the quan- 
tity water stored reservoirs, lakes, and ground the time the 
flood the velocity and direction the storm; the formation 
ice dams other temporary obstructions the river; and the 
many other elements which cause one flood differ from another 
the same stream. 

two floods are exactly alike. Two storms like intensity, 
velocity, and direction passing over catchment area may produce 
different floods. One coming time when the water the ground 
and the lakes and reservoirs low may produce only moderate 
flood. second, coming time when the lakes, reservoirs, and 
ground are filled, may produce large flood; or, the occurs 
conjunction with high temperature, when there large quantity 
snow the water-shed, very large flood may occur. 

When the great variety conditions which affect each flood 
considered, will seen that the number combinations which may 
occur infinite. When many conditions tending large floods occur 


coincidently with great rainfall, extraordinary floods are produced. 
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The chances such coincidence may considered equal for differ- 
ent streams. Clearly, the study the effect elements this class 
one probabilities. 

study based solely the larger floods would misleading, 
flood size which would ordinary one stream may ex- 
traordinary another stream. essential, then, study each 
river separately, and establish some standard which represents 
normal flood that river before the study the probability the 
extraordinary floods undertaken. 

The standard selected for this use this paper the average 
yearly flood. using this average flood, the effect the variable 
elements neutralized large extent, that direct comparison 
one river with another possible. Also, comparison the 
larger floods with the average flood the same stream gives means 
determining the with which the former occur. 

give clearer idea the the paper and the methods 
used, few definitions, summary the more important conclusions, 
and statement the formulas proposed are here given. 

Unit Flood quantities flood flow are stated 
feet per second. 

Twenty-four-Hour Average otherwise stated, all 
floods are the basis the average rate flow for consecutive 
hours. Most the data available are this basis, which the stand- 
ard used publications the United States Geological Survey. 

Maximum Rate many engineering problems 
important know the maximum rate flow the flood, separate 
study made show the relation between the maximum rate flow 
and the 24-hour average rate flow. 

Yearly Average Flood—The yearly average flood stream 
obtained selecting the maximum 24-hour average flood for each 
year and taking the average these floods. 

Frequency Occurrence frequency meant the 
probable time interval, years, between the occurrence floods 
approximately the same magnitude. 


Nomenclature.— 


the greatest average rate flow for consecutive 


hours during period years, feet per 


second; 
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feet per second; 
(Ave.) the average yearly flood, feet per second; 
the number years the period considered; 
the catchment area the river, square miles; 
coefficient which constant for the river the 


point observation. 
Formula Proposed, Obtained Plottings the Data 
American Rivers.— 
rate flow expected under the same conditions. 


SUMMARY CONCLUSIONS. 

(1) Though flood flows different rivers vary greatly, some 
the characteristics the rivers affect the floods substantially the 
same manner throughout the country; and expressions may derived 
which show these effects. 

(2) The effect the size the area the flood.flows 
throughout the country much the same; and this relation between 
the size the catchment area and the size the average yearly flood 
may represented approximately the expression, 

such being true only the the 24-hour average rate flow 
the 

(3) The relation between the maximum rate flood 
stream period years, and the maximum rate flow for hours 
during the same period, may represented approximately the 
expression, 


Table gives the relative size for the maximum rate and the 24-hour 
average rate for different catchment areas, according this relation. 

(4) streams throughout the country, floods which are certain 
ratio the average yearly flood with much the same frequency, 


and, the average, the probable maximum flood period years 


represented the expression, 
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TABLE Between Maximum anp AVERAGE 


Ratio maximum 
flood average 
24-hour flood. 


Ratio of maximum 
tlood average 
24-hour flood. 


Catchment area, 


Catchment area, 
square miles. 


square miles. 


(1) 


500 

000 
000 
000 
000 
100 000 


Table gives the relative size flood which may expected 


periods years, the foregoing relation. 


AND THE YEARLY 


Ratio largest Ratio largest 
Time, flood average Time, years. flood average 
yearly flood. yearly flood. 


(2' 


1.00 
1.56 
1.89 


2.12 


(5) may obtained for streams utilizing the fore- 
going relations discount the effect the length period observa- 
tion and the size the catchment area; these coefficients will serve 
gauge for the flood-producing capacity the streams; and the 
difference value these coefficients caused the various physi- 
eal characteristics the river and its area, such storage, 
soil ete., and the difference the prevailing rainfall 
conditions. 

data available for study flood flows consist ree- 
ords floods many streams covering periods comparatively 
few years, few continuous records for long periods, and many 
seattered data single great floods. recent years, the Geo- 
logical Survey has obtained observations large number streams, 


either its own observers conjunction with interested parties. 
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The Survey has also collected many data from old records. Many 
State commissions officers have collected and published data. Some 
the best records are those kept water-power manufacturing 
corporations. 

Records the same floods, quoted different reports and books, 
vary frequently. has been possible sometimes follow these rec- 
ords their original source and obtain the most probable value, but 
undoubtedly many inaccuracies exist. believed, however, that 
the main the data may considered sufficiently reliable form 
basis for study this character. all events, the best avail- 
able the present time. very fortunate that there are few 
records which are both accurate and complete, and cover periods 
sufficient length make them great value. These observations have 
been made those who appreciated the value such records, and 
whom accuracy was the first importance. 

The estimates that have been made flow during great floods 
rivers where regular gaugings have not been made are considerable 
value check the frequency occurrence, although many 
these estimates are only rough approximations, adequate basis 
for estimate rarely hand, especially after the event. 

There are probably existence many other data. The writer has 
used all that has hand, the accuracy which 
questionable. 

The method rating rivers which used this paper, involving 
does simply the observation the single largest flood each year, 
makes possible rate large number. approximate value for 
the average flood, and for the coefficient, may obtained from only 
years’ continuous records. 

Effect the Size the Catchment Area.—The effect the size 
the catchment area flood flows first studied for 24-hour average 
floods. The method used compare the average yearly floods for 
different rivers. The use these floods, though eliminates the 
effect the variable conditions involving time, does not any way 
eliminate the effect the constant factors, such prevailing rain- 
fall conditions, soil conditions, slope, storage, ete. These latter factors 
are such importance that floods streams one section the 


country may many times larger than those streams similar 


size another and, even the same section, wide variation 
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occur streams about the same size. order make 
comparison which will show the effect the size the catchment 
areas, the streams must grouped such way that the effect 
these constant factors will similar. There are many these 
factors that grouping can arranged that will make all them 
even approximately equal. the whole, seems best subdivide 
the country into sections which will have similar conditions rain- 
fall and climate, and rely the average large number 
streams eliminate the effect the remaining factors. For this 
purpose the following subdivision the Geological Survey may 
serve well any other: 

New England States, 

Hudson River Basin, 

Middle Atlantic States, 

South States, 

Ohio River Basin. 


St. Lawrence River Basin, 
Hudson Bay, 

Upper Mississippi River Basin, 
Missouri River Basin, 

Lower Mississippi River Basin. 


Western Gulf Mexico, 
Colorado River Basin, 
Great Basin, 

Southern Pacific Coast, 
Northern Coast. 


Tables contain data the average yearly floods for the 
rivers. The data from these tables are plotted Plates LXVII, 
and LXIX. 

The rivers some these divisions are much alike their 
characteristics that they have been plotted the same diagram 
follows: 

New England States, Hudson River Basin, Middle 

Atlantie States, and South Atlantie States. 
Plate (a) Ohio River 

(b) St. Lawrence River Basin and Upper Missis- 
sippi River Basin. 
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Missouri River Basin and Lower Mississippi River 


Plate Basin. 
Western Gulf Mexico and Colorado River Basin. 
Plate LXIX Northern Pacific Coast and Southern Pacifie Coast. 


The rivers the Great Basin and Hudson Bay vary widely 
their flood flows that plottings have been made. 

study these diagrams, which are logarithmic scales, shows 
that. though the plottings cover zones considerable width, the gen- 
eral slope these zones definite, and may represented the 
lines drawn. The data for the rivers the Eastern Coast are the 
best, and the diagram for them shows the relation well. The slope 
these lines 0.8, that may stated that the average rate 
flow during hours varies the 0.8 power the catchment 

The plotting for the Lower Mississippi and Missouri Rivers would 
indicate slope less than 0.8. examination the 
the rivers these basins, however, shows that the smaller ones 
are mainly mountain streams, and the larger ones flow through flat 
country. There is, therefore, unbalanced element difference 
the data which may account for the apparent difference the results. 

The general indications not justify any change the value 
the exponent for different sections; and though the data for some 
sections are not satisfactory for others, believed that this 
relation holds generally throughout the country. 

All the plottings made these diagrams are for 24-hour average 
flow, and the formula, (Ave.) holds for such 
this differs from some other formulas proposed, and should not 
compared with them. 

Rate all floods the maximum rate flow 
will exceed the average for hours. For the larger streams the rate 
run-off will considerable magnitude for least hours, and 
for small streams cloud-burst may cause flood which will run off 
few hours, giving large maximum rate with only moderate 
24-hour average rate. should expect then that the maximum rate 
flood, compared with the average rate for hours, will greater 
for small than for large rivers. 

There are not sufficient data available admit satisfactory 


independent study the maximum rates comparison with the sizes 
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River Basin and Lower’ 


Western Gulf and Colorado River Basin. 


rivers ‘of the Great and Hudson Bay vary widely 
their flood flows that plottings have been made. 

study thesé diagrams, which are logarithmic scales, shows 
that. though the plottings cover zones considerable width, the gen- 
eral slope these zones definite, and may represented the 
lines drawn. The data for the rivers the Eastern Coast are the 
best, and the diagram for them shows the relation well. The slope 
these lines 0.8, that may stated that the average rate 
flood flow during hours varies 0.8 the catchment 

The plotting for the Lower Rivers would 
indicate slope less than 0.8. examination the characteristics 
the rivers these however, shows that the smaller ones 
are mainly mountain streams, and the flow through flat 
country. There is, therefore, unbalanced element difference 
the data which may account for the apparent difference the results. 

The general indications not justify any change the value 
the exponent for different sections and though the data for some 
sections are not satisfactory for others, believed that this 

relation holds generally throughout the country. 
All the plottings made these diagrams are for 24-hour average 
flow, and the formula, (Ave.) holds for such only. 
this differs from some other formulas and should not 
compared with them. 

Mazimum Rate all floods the maximum rate flow 
will exceed the average for hours. For the larger streams the rate 
for small streams cloud-burst may cause flood ‘which will off 
few hours, giving large maximum rate with only mioderate 
24-hour average rate. should then that the maximum rate 
flood, compared the average for hours, will greater 
for small than for large 

There are not sufficient data admit satisfactory 
independent study the maximum rates comparison with the sizes 
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the catchment areas. seems best, therefore, study the 
tion between rate flow and the 24-hour flow. 
are interested more particularly the maximum rate the great 


is, want ascertain the probable maximum rate 


flood whieh likely occur long period. The greatest 
rate flood during period years does not necessarily occur 
the same flood that gives the maximum 24-hour flood. larger 
the 24-hour floods are usually produced storms considerable dura- 


that the relative excess the maximum rate over the 24-hour 


average rate will not great for the large 24-hour floods will 
for smaller 24-hour Table shown the rivers for which 
both the maximum and the average 24-hour rates were obtained. 
some cases these represent different floods, but generally they repre- 


Catchment FEET PER SECOND. Ratio, 
Average for 


ours. 
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Starch Factory............ 
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@ 
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Neshaminy 
Oriskany.. 

Perkiomen. 
Salmon...... 
Piscataquis 
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Susquehanna 
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the same one. These are mainly large floods, not neces- 
sarily represent the maximum flood the river. probable that 
the relation, obtained the average the data Table repre- 
sents one large enough for use obtaining the probable maximum 


rate expected considerable term years, although some 


smaller floods may have much greater excess maximum rate over 
the 24-hour average 


The method obtaining the relation between the two rates flow 
shown Table and Plate LXX. The ratio the excess the 
maximum rate flood over the 24-hour average rate the average 


and average curve drawn. From this curve may obtained the 
relation 


This should considered only ‘approximate average relation, 
from which considerable deviations particular cases are 
expected. 

The great rate flood the Susquehanna shown the 
diagram was due ice jam, and may considered rare occur- 
rence. should perhaps considered matter frequency 
flood flows rather than relation between the maximum rate and 
the 24-hour average rate. That is, such occurrence comes probably 
only long period time, and during that period larger 24-hour 
average floods than the one given for this flood would normally occur, 
that the relation between the two rates considerable period 
years would less than indicated this particular flood. 
quently, the ice dam, though would cause great flood immediately 
below the dam, would not increase like extent the flood some dis- 
tance down stream. the temporary storage along the river 
and ponds and lakes will take the water let loose and 
equalize the flow. 

Frequency Occurrence the data for all the floods 
that have occurred single river for several hundred years were 
available, relation could established showing the average fre- 
quency with which floods any size occur. such data are not 
available, becomes necessary, order establish the frequency 
relation, utilize data for shorter periods many rivers. Special 
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studies were made see this relation was similar for different 
rivers. Although occurred for the shorter-term 
records, these studies showed clearly that general law could estab- 
lished, Tables 26, the larger floods many different rivers 
are compared using the proposed formula for frequency. in- 
spection these shows that the values the coefficient thus 
obtained are, most cases, reasonably constant, and are similar 
the values obtained comparison with the average yearly flood, thus 
indicating that the frequency relation holds for the different 

rivers follow the same general law, allowable use the 
data all the rivers the same way those single river, pro- 
vided such data can put common basis. The use the yearly 
average flood affords means doing this. the same law holds, 
the ratio the larger floods the yearly average floods the 
same for all rivers for the same period time. The com- 
paring the data and obtaining the frequency explained detail later. 

most the data were obtained during the last years, 
objections this method analysis may raised the score that 
weather conditions may have been different during other periods 
the past, may different the Certainly, weather 
ditions throughout the country were subject. permanent changes, this 
objection would There evidence, however, that 
this.is so. The rivers. considered are distributed throughout the United 
States, that local conditions should not affect the results. know 
dry season one section the country may occur during the 
same year wet another section. know that 
storms. which cause floods small streams may cause only 
facts, the diversity the and the large area which 
the rivers are distributed, that, periods years more 
give fair average the conditions which have existed past 
and will probably the future. 

few rivers, which show that the relation holds approximately for 
these rivers. few these records cover century.. further check 
given the lower diagram Plate LXIX, which the greatest 
floods the century are plotted, showing close the pro- 
posed, formula. 
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Determining the Frequency.—As there choice 
the flood selected the study for frequency, some matters 
involving the which has been followed are here given. 

are given record floods for series years, may 
divide number equal periods time. independ- 
ently, the maximum each period might ‘said represent 
the probable flood obtained that period. These maximum 
floods, however, will vary, and may select most probable maxi- 
mum flood which will occur given period any the following 
methods. 

First, the average these maximum floods, which may called 
the average maximum flood expected this’ period time; 
second, the one these maximum floods for which there one greater 
for each one less, which may called the median maximum flood 
expected the period time; third, the smallest these maxi- 
mum floods, which may considered the flood that should 
equalled exceeded the period time. 

the yearly floods considered range from fraction the aver- 
age several times this average, may readily seen that there 
will probably floods less than, than there will more 
than, the average. The average the maximum floods, then, will 
exceed the median flood. question which these two floods 
better represents the requirements. average flood easily 
obtained and more accurate, particularly for short-term 
larger, thus leading safe design. the based the 
average yearly floods, seems better continue the method and use 
the average maximum flood. The relation between the foregoing differ- 
ent floods seems constant, shown the detailed method 
given later. may stated that would have been possible have 
the median flood from the start, have selected the yearly 
flood, and made the study that basis. believed, how- 
ever, that, the whole, the flood method better. 

should noted that the results are also affected two other 
matters. only the single largest flood each year used. This 
éliminates all the that they may have 
been greater than the largest flood other years. these second 
and third floods years were included the study, they would 
tend give somewhat higher values for the probable the 
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other hand, method analysis attention paid the fact 
that some, the largest floods may come close together. assumed 
that the floods are uniformly distributed over the period, though, 
periods would have two more floods the size under 
consideration while others would any such flood. this 
were taken into account, would tend somewhat. 
the probable flood expected. errors methods, they 
may ealled, are not great Generally, may said 
-that the flood obtained the. proposed formula probably somewhat 
excess that which would expect get any one period, 
the average the floods number. periods. the same 
length. 

General general methods treating the data can 
best shown specific example. For this purpose, the writer has 
used Creek, the data for which are contained the reports 
the Philadelphia Water Board for years. All the steps leading 
the determination the average flood and the 
occurrence floods this stream are shown. working out the 
general formula for frequency for all rivers, the same method fol- 
lowed here given, the data for all the rivers being collected and 
used they were for one stream. This example then. illustrates 
the entire method procedure.. The first step select from the 
daily records the largest single flood for each year. These are shown 
Column Table The second step average all these floods, 
shown the foot Column The third step select and 
arrange the floods order their magnitude. This indicated 
Table representing the largest flood; the second; the 
third, The next step find the ratio these larger floods 
the average flood. This shown Column The next step 
arrange the data that the frequency may determined. The 
methods for doing this are shown Table 

The methods determining all the three different for the 
probable flood expected, previously stated, are here given. 

Method Obtaining Average Maximum Flood Expected.— 
The method computing the average maximum flood expected 
average from Table Column gives the summation 


hil 


; 
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all the floods equal exceeding flood concerned. Column 
gives the Column divided the serial number. 
umn gives the total number years the record divided the 
serial number. evident, then, that Column represents the 
average the floods which ‘the period years given 
the first diagram Fig. the values Columns 
and are plotted logarithmic scale for the values the time 
(Column ordinary scale for the values the ratios 


(Column 4); these plottings are marked the first diagram 


River, Tohickon Station, Pt. Pleasant, Pa.; Catchment Area, 102 sq. 


Maximum 24-hour average Ratio average 
flood for the year. yearly flood. 


(3) 


1.06 
1.30 


a 


an 
» 


544 
498 
4714 
942 
858 
158 
650 


Average yearly flood (Ave.) 102 917 


Median method obtaining the median maximum 
flood shown Table Part The second largest flood here 
taken representing the size that one which will probably come 
one-third the total period. That is, there will one flood 
greater, one less, and one equal the three periods. the 


Date. 
(1) 
2.10 
1.59 
1.01 
1.01 
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same way, the third flood taken the most probable one for 
period equal one-fifth the total time, on. Column gives 
the serial number from Table Column gives the corresponding 
ratio; Column gives the time for which this flood the median, and 
obtained dividing the total time one less than twice the serial 
number. Columns and are then plotted for the first method. 
These plottings are marked the first diagram Fig. 


EXPECTED. 


No. flood, order Summation 
(2) (3) (4) (5) 
2.10 2.10 2.10 25.00 
1.59 8.69 1.85 12.50 
1.30 6.44 1.61 6.25 
1.15 8.80 1.47 4.17 
1.06 9.86 1.41 3.57 
1.06 10.92 1.36 
1.01 12.94 1.29 2.50 
1.00 18.95 1.27 2.27 


flood. Ratio. Time, years. 
(1) (2) (3)- 
1.59 8.33 
1.45 5.00 
1.30 


No. flood. Ratio. Time, years. 
(1) (2) (3) 
12.50 
1.45 8.33 
1.15 417 
1.06 
1.06 3.33 
1.01 2.79 
1.01 2.50 


1026 


| 


FLOOD. FLOWS 


[| A 


Papers. 

Years 


FLOOD FLOWS 1027 


select the least the maximum floods the periods. The sec- 
ond flood taken for one-half the time, the third for one-third 
the time, and the for one-fourth the-time, means 
that, considering four periods, there will three these which will 
have flood larger and one which will have flood equal the value 
which have selected. The ratios and corresponding periods time 
are marked the first diagram Fig. 

Method Obtaining Average Relation for Frequency for All 
Streams.—The method used obtain all 
streams investigated the same that illustrated for Tohickon 
Creek. All the data are used precisely they constituted record 
for single river covering period time equal the sum the 
length the records for the individual rivers. studying the mat- 
ter frequency, plottings were made for rivers many sec- 
tions the country. this paper only two these are given; first, 
that for all the rivers the Eastern Coast, which represents the best 
data, covering the greatest length time; second, the data for all 
the United States for which records years more 
are hand. The data for the Eastern Coast rivers are given 
Table and are plotted the Fig. The fre- 
quency relation for these rivers (Ave.) 0.75 log. T). 
The data for all the rivers the United States with record equal 
exceeding years given Table and are plotted the third 
diagram Fig. The relation for these rivers (Ave.) 
0.83 log. For other sections, somewhat different relations 
were obtained. The difference these relations not great. The 
variation hardly justifies establishing separate values for each sec- 
tion, and single one all that warranted. The expression, 
efficient log. between the relation established for the 
eastern rivers and that for all the rivers. 

The relation between the average maximum, the median maximum, 
and the flood equalled exceeded shown Table 

studying the data, few rivers, located principally arid and 
semi-arid regions, were eliminated account unusual conditions. 
such sections conditions are such that floods worthy the name 
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TABLE BETWEEN THE AVERAGE THE MEDIAN 


AVERAGE YEARLY FLOOD. 


log. T). (0.9 0.8 log. (0.7 log. 


(2) (3) (4) 

1.0 0.9 0.7 
1.56 1.46 1.26 

1.80 1.70 1.50 
2.36 2.26 2.06 
3.40 8.80 3.10 


TABLE Rivers THE Coast, WHICH 
Recorps AVAILABLE. 


Column 
eria atio ummation Olumn 1; 
number. flood. Column one-half the period. 
period. periods. 
(2) (3) (4) (5) (6) 

617 308 766 
271 159 289 384 
264 428 285 306 
257 940 271 219 
250 272 264 170 
250 695 270 158 

231 408 262 257 118 
226 634 259 110 
225 378 260 257 116 
820 254 255 100 


| 


Two large floods eliminated, the record was not continuous. For such cases, where 
the record includes few large floods, these are used, after which the computations are 
adjusted eliminating the effect these floods and proceeding they had not existed. 
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occur some years, though occasionally there large one. For 
such cases the average yearly flood becomes low and the percentage 
the maximum flood becomes unduly high. These conditions are 
quite different from those generally found, and seems best ex- 
clude such cases. follows, course, that the frequency relation 
here proposed does not hold for such rivers. 


TABLE ALL Rivers ror Recorps Ten 
More Were AVAILABLE. 


Column 
divided Median flood 


Number 
eria atio Oo olumnp 1; years in 
number. flood. Column one-half the 
period periods. 
(1) (2) (3) (4) (6) 
291 269 815 418 
815 
267 082 297 291 239 
262 608 289 276 186 
238 276 267 129 
231 266 262 
231 4758 264 
20- 210 244 235 
50- 60..... 185 250 221 210 
60- 181 073 215 
70- 80..... 844 210 200 
100-110..... 167 961 199 
162 608 196 185 
156 768 191 181 
150-160..... 150 825 187 10.5 
170-180..... 144 769 182 172 9.5 
141 190 180 9.0 
139 587 178 169 8.5 
136 461 176 8.0 
210-220..... 134 319 174 167 


Table contains data few the largest relative floods 
the United States, compared with the average yearly floods. 
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TABLE THE LARGER COMPARED WITH THE 


PER SECOND. Ratio 
average. 
Maximum.| Average. 
(1) (2) (3) (4) (6) (7) 

Line, Cal 300 260 2.91 
5..../Tuolumne..... 1500 Grange, Cal 000 900 2.76 
300 Augusta, 000 114 300 2.70 
823 Dundee, 995 600 2.64 
Gibbon, Ore 000 808 2.62 
270 Waterville, 151 000 600 2.53 


| 


THE 


Selecting the Value for the Coefficient, C—Tables con- 
tain values for the coefficient, for many rivers the United States. 
These coefficients are applicable for the river the station where the 
floods were observed and for other points the river where conditions 
are not materially different. Obviously, the coefficient for river 
above large branches above points where there may considerable 
storage may different from that, the river below. Slopes and 
other conditions affect the coefficient, and for the river other points 
than where the gaugings were made, judgment must used its 
selection. The coefficient for the upper portion may 
different from that for the lower portion. The coefficient for the 
river, however, taken connection with others for similar rivers, 
should enable one select approximate value for any river 
the tables. For streams for which coefficients are given the 
tables, approximate values may obtained comparison with rivers 
having similar for which the coefficients are given. 

may possible obtain local data the height the ordi- 
nary yearly flood, which may give indication the value the 
may also possible obtain records one two 
the larger floods the stream, and one ascertain the time 
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when these occurred, the data reduced the formula 
quency obtain approximate values 

Some data this latter character are contained Table 
attempt has been made reduce these data find the value 
the information the period represented not definite. 
reasonable estimate the period time these floods represent. 
probable that records other floods these streams would 
available, together with the time the occurrence, that approxi- 
mate values for the coefficients could established. 

The effect flood flow such factors slope drainage basin, 
shape drainage basin, rate rainfall, etc., have been studied and 
discussed number papers. For the sake convenience, and 
aid the selection the coefficient, from the tables, may 
well summarize briefly the effect some these factors, stating 
generally their effect the magnitude the flood. 

erally speaking, all storage tends reduce the size floods. Rivers 
which there are many lakes reservoirs, which there are 
large sandy areas, generally have low flood flows, compared with 
rivers otherwise similar. When the lakes and reservoirs are full, the 
storage below the overflow not available for reducing floods. Storage 
above the overflow, however, always available, and the quantity 
stored, the water rises above the overflow, certain to- reduce 
some extent the flood flows the stream below. the same way, 
storage the ground more less available, depending the 
condition the ground-water that time. The effect storage 
above the overflow reduce all floods, and the effect storage 
the ground and that below the overflow rather make large 
floods less frequent occurrence. 

The temporary storage above the overflow the most important 
for natural reservoirs, such lakes and ponds. Where reservoirs 
are controlled and used for power purposes, for water supply, the 
storage below the overflow may important; but these reservoirs 
may filled when the larger floods come, dependence cannot placed 
such storage. 

evident that this storage will affect the floods resulting from 
different types storms ways. 


storm producing 
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long-continued flood will fill the available storage while the supply 
still high rate, that the maximum rate for the flood may 
nearly great would have occurred without the existence 
the reservoir. the other hand, flood from short, sharp storm 
will greatly reduced storage, because, before the storage -filled, 
the supply will much less. 

order ascertain what effect this storage may have the maxi- 
mum rate flood, few specific cases were considered. 


TYPES FLOOD FLOWS CONSIDERED 
FOR SHOWING EFFECT STORAGE STREAM 


MILE CATCHMENT AREA 


cond 


Rate Run-off, cubic feet per 


Time Flood, Hours 

The method computation and the results are shown Tables 
and 11, and Figs. The 24-hour average rate and the 
maximum rate are taken given the formulas proposed this 
paper, using and 1000, which represents extraordi- 
nary flood average eastern river. 

Four different types flood flows are considered, shown 
Fig. cover general way the more common floods. The 
ideal type, called the Continuous Maximum, gives the minimum limit 
for the effect storage. these computations assumed that 
the reservoir sides are vertical and that the overflow from weir 


with vertical sides, from which the rate overflow varies the 


power the height the water passing over the weir. 
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Figs. and show the effect different amounts storage 
for the assumed conditions. Table contains summary the 
results the computations for different cases. 

Fig. shows plotting the data Table 10. 

From these tables and diagrams the effect this storage for the 
assumed conditions apparent. The made for the effect 
comparatively small catchment areas for which the flood 
high rate would usually not last more than hours. For larger 
rivers, for which long-continued storms are common, the study does 
not apply. 

The data, though based assumptions, give approximate idea 
what the effect such storage may be. comparing different 
rivers for the purpose selecting the value the effect lakes 
and reservoirs may approximated these data. Table 
summary the data. 

The amount storage available dependent the width 
the overflow. Careful consideration should given flood reduc- 
tion determining the width spillways dams and the outlets 
lakes. many cases reduction the width overflow may 
advantageous, and, cases where the added cost not great, would 
worth while. 

Slopes.—Steep water-shed produce rapid run-off and, 
generally, relatively large flood flows. 

Shape Catchment more nearly equal the 
basin divided among the branches the river, the more chance there 
concentration single point and the greater 
the flood flows. area will produce larger flood than 
long narrow one. 

Branches.—A large number branches, affording good drainage 
the catchment area, will bring the water off more rapidly than 
few branches, and will cause larger flood flows. 

important factor. river-bed which has frequent points con- 
gestion which tend hold back the water and provide temporary 
storage will have smaller relative flood flows than one with smooth 
even bed which allows the water run off rapidly. The hydraulic 
properties the river channel, such the hydraulic radius and the 
coefficient roughness, effect the rapidity the run-off, and thus 
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EFFECT STORAGE ABOVE OVERFLOW 
PARABOLIC RUN-OFF 
CATCHMENT AREA SQ.MILES 


2000 
1800 
1600 
1400 
1200 
1000 
800 
600 
400 
200 


Time Flood, Hours. 
EFFECT STORAGE ABOVE OVERFLOW 
PARABOLIC RUN-OFF 


CATCHMENT AREA 100 SQ.MILES 
STORAGE EXPRESSED PERCENTAGE TOTAL INFLOW HOURS 


Rate Run-off,in Cubic Feet per Second 
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the magnitude the better the properties, the 
greater the relative flood The chances the flood 
such case, however, may less. 

Rainfall.—The rate rainfall has been embodied some 
flood formulas. This may misleading, the intensity 
and duration the rainfall during immediately preceding the 
flood that the principal factor. Until more information avail- 
able the rainfall conditions, intensity and duration, proba- 
ble that this element better left its effect the 
streams. 


EFFECT STORAGE 


ABOVE OVERFLOW 
PARABOLIC RUN-OFF 
CATCHMENT MILES 
STORAGE.EXPRESSED PERCENTAGE 


Rate Run-off, cubic feet per second 


Time Flood, Hours 


The effects many these factors are not the same for different 
floods. some cases characteristics which would reduce the flood 
under average conditions tend increase for particular conditions. 
For example, entirely possible that storage will hold back the 


-water some the branches river until such time greater 


quantities water are coming from other and larger branches, thus 
producing greater flood the main stream than would have occurred 
there had been storage and the first branch had run off rapidly. 
Such however, exception, and the foregoing may 
said hold average cases. 


40000 
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TABLE ABOVE THE OVERFLOW THE 


(1) (2) (3) (4) 


EFFECT STORAGE ABOVE THE OVERFLOW 
UPON THE MAXIMUM RATE FLOW 
Percentage Storage 


Hours Sto 


Water Stored Total. Water Flowing into Reservoir Hours 
Fie. 


Percentage Maximum Rate 
Maximum Rate Inflow Reservoir 


o 


I | q 
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COEFFICIENT, 


Tables contain flood data the rivers the United 
States for which the records could obtained with sufficient com- 
pleteness give approximation the coefficient, each case. 
Rivers for which observations are being taken present, with rec- 
ords covering years more, are included, although, for these short- 
time periods, the value the coefficient may considerably error, 
and should adjusted when more complete records become available. 

Each table contains group rivers corresponding the classifi- 
cation made the Geological Survey, and the arrangement 
the rivers similar that given the more recent papers the 
Survey, order that reference can readily made thereto. 

The tables contain the following data: 

Column Name stream; 

Column Location the station which gaugings were taken; 

Column Catchment area the stream above the point ob- 
servation, square miles; 

Column Average yearly floods, obtained selecting the one 
largest flood for each calendar year, and taking the average 
these; this expressed the flow cubic feet per sec- 
ond during period consecutive hours; 

Column The largest flood, the second largest flood, and on; 

each expressed the flow feet per second during 

period consecutive hours; 

Column Number years for which the records the single 
largest flood the river could obtained; 

0.8 log. T), obtained from larger floods; these values 
are only approximate, and are obtained follows: 


For the first value which obtained from the largest flood 
record, becomes equal the length the period observation 


years, given Column then obtained the formula, 


where the first value for Column 
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For the second value becomes the average the largest 
and the second largest floods; and the value becomes one-half 
the period observation, 


For the third value becomes the average the three largest 
floods, and beeomes one-third the period observation, 


Other values are obtained similar manner. 
Column Value coefficient, obtained from the average 
(Ave.) 

This value depending all the yearly floods, more accu- 
rate than those Column and should generally selected for use. 

Table contains data some the larger single floods rivers 
for which continuous records are not hand. These data are taken 
from various reports and papers, and many cases are only roughly 
approximate estimates. assumed that the flow recorded was the 
maximum rate, although some instances this may not have been 
the case. These represent some the greatest floods record, but 
not necessarily the greatest the stream question for any con- 
siderable period time. Frequently, stream observed for year 
for some particular purpose, and the floods are These 
floods may greater less than the normal, but, from the fact that 
they are recorded, the assumption may made that they represent the 
maximum floods the stream. Tables data single floods may 
misleading for this reason. this study, was some cases 
found that flows taken from tables maximum floods were actually 
less than the average yearly flood on.the river. 

Table includes only the larger floods this kind; and they 
probably represent one the larger floods that particular river. 

the following reports and papers may found data many 
rivers not here given: 

Report the Barge Canal, State New York, 1901, page 844, 

Kuichling. 


yearly flood; 
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Hydrology the State New York, Rafter. 

Geological Survey New Jersey, 1904, Vermeule. 

Reports Pennsylvania Water Supply Commission. 

Reports New York State Water Supply Commission. 

Reports Maine State Water Storage Commission. 

United States Geological Survey, Water Supply Paper No. 147, 
page 184. 

United States Geological Survey, Water Supply Paper No. 
“Destructive Floods.” 


Selecting the Value have occurred 
some rivers during the last years which, normally, would re- 
peated not less than 1000 years. works are provide for floods 
equal the greatest that have been observed, value least 
1000 should used. Such greater one may occur 
any river any time, but not likely come soon any particu- 
lar stream. must remembered that the use does 
not mean that the corresponding flood will come the end of. 
years, but that the chances are even that occur some time 
during period 1000 years. means, also, that the chances are 
1000 that will occur any one year, 100 that will 

The selection the proper value then becomes question 
earth dam, the failure which would cause great damage, large 
value should used. The design temporary dam for con- 
struction purposes, the failure which would mean only small dam- 
age, would call for the use comparatively small value 

The decision the value selected should depend 
considerations the first cost the construction required provide 
for it, together with the probable damage case the flood exceeds the 
quantity provided for. The added cost due using larger value 
may regarded insurance against loss. ‘Obviously, insurance 
costly, compared the risk, less should taken. Considera- 
tion possible loss life and property, together with loss busi- 
ness, loss water supply for city, and other factors, must 
taken into account deciding the proper value Possible 
increased damage the future, due building sections below 
the dam, unusual difficulties reconstruction, must considered. 
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Name stream. Location station. 

(1) (2) (3) 
Whitneyville, Me.......... 465 
Penobscot (West Me.......... 1.880 
West Enfield, 6600 
Penobscot (East 1100 
Foxcroft, Me........ 286 
The Forks, Me............ 1570 
Kennebec ............ Waterville, 4270 
Anson, Me..... 840 
Pemigewasset.............. Plymouth, 615 
Holyoke, Mass........ 8144 


FEET 


PER SECOND. 
AVERAGE. 


118 400 


Period 
observation. 


Baas 


104 


floods. 


From average 
yearly 


5740} 11100 8| 47) 42 
22 110 36 
400 
21 100 48 
18100 
800 114 
330 
111 200 
200 
55 
55 j 
45 
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TABLE 12.—(Continued.) 


Holyoke, Mass.......... 434 672 
628 


River 


SECOND. 
(1) (2) (3) (4) (5) (6) 
800 
600 
400 
300 
900 
200 
700 
East Canada Creek....... Dolgeville, Y....... 256 950 
126 
Reels Cr.and Johnson Y......... 442 296 
Graefenburg Creek....... Hartford, Y........ 0.282 18.4 


Although the selection the proper value must matter 
engineering judgment, the following method will give the economic 
value: the probable amount necessary make good all 
damage caused the flood exceeding the allowed amount. Multiply 
this the probability the flood one year. The product 
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ATLANTIC 


PER SECOND. 
AVERAGE. 
Name stream. Location station. 
(2) (3) (4) (5) 
370 
200 
600 
Station 
171 700 
| | 158 300 
Tohickon Creek............ Pleasant, Pa........ 102 820 
960 
360 
985 
068 
789 
600 
180 
166 300 
153 000 
228 400 
176 000 
543 000 
484 000 
405 000 
McCall’s Ferry, Pa........ 800 286 000 352 900 
200 


Period 
observation. 
From larger 
floods. 
From average 
yearly flood. 


(6) 


| | | I 
VALUES 
140 
92) 
105 
117, 
101 
79) 
84) 
93) 
100) 
60) 
60) 
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TABLE 14—(Continued.) 


Susquehanna (West 


Millgreen, Md.............. 


Little Gunpowder Air, 
Patapsco 


Antietam Creek............ Sharpsburg, 


Shenandoah (South Fork). Front Royal, 


the annual value the flood risk. the first cost the 
works necessary provide for floods magnitude corresponding 
these values for Multiply this the going rate interest. 
The product the annual interest charge. Select the value for 
which the sum the annual value the flood risk and the annual 
interest charge minimum. 


OTHER FLoop ForMULAS. 


Table list some other formulas for obtaining the maxi- 
mum flood flow. These formulas are different forms, and contain 
many different terms. Some are intended only for use over limited 
section, and others are for more general order make ‘any 
comparison, necessary assume values for the variable terms. 
The values assumed are intended suit average conditions the 
eastern portion the United States. Three the formulas were 
derived for such conditions, and the others were for European and 
Indian For the purpose comparison, data some 
the larger: floods foreign streams are given Table 
Plate LXXI the formulas Table are plotted, together with three 
curves the formula proposed this exami- 
nation this diagram shows that formulas vary widely. This 
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ATLANTIC 


Name stream. Location station. 

(2) 
James (North Glasgow, 831 
South Boston, Va....... 750 
Broad (of the Carolines)...... 
Saluda (Branch Mobile)...... Waterloo, 056 
Appalachee.............. 440 
Norcross, 1170 
West Point, 300 


PER 

AVERAGE. 
qa 
(4) (5) 
62000 
565 
400 
620 
658 84800 
800 
250 
060 
695 
472 
44400 
600 
17900 
700 
192 130 000 
115 000 
998 
32200 
36500 
400 131 000 
130 500 
800| 
18 500 
300 
114 309 980 
000 
220 000 
9000 
200 
125 
240 
100 
200 
600 
7660 
30180 
48800 
652 
750 
20800 
970 


From larger 


@oa 


on oft 


From average 


yearly flood. 


100 
111 
116 
106 
124 
130 
123 
114 
145 


xy 


FORMULAS WHICH HAVE BEEN 
PROPOSED FOR OBTAINING 


THE MAXIMUM FLOOD 
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TABLE 


(1) (2) (6)| (8) 
000 
145 
138 000 
090 
094 
800 
800 
800 
Black Tuscaloosa, Ala 141 118 
187 000 
129 000 


expected the data which they are based are very different. 
the whole, may said that the formula proposed this paper 
gives relatively higher values the flood flow for very small.and 
very large catchment areas. Probably the reason for this that the 
formula was derived from average floods, and many, not all, the 
others were derived from maximum There are numerous rec- 
for medium-sized streams, but not for very small 
ones. expected, under these conditions, that the highest 
relative maximum floods will found rivers 
There are comparatively few very large rivers Europe, and their 


America limited. Although there are 


streams, damage from flood them not usually great, and records 
their floods are comparatively few. More records small streams 
are probably available European than American rivers. 

Some the largest floods foreign and streams are 
plotted Plate LXXI. The largest these are streams India 
and Saxony. The upper curve, representing the proposed formula, 
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River 
(1) (2) (3) (4) (8) 
Laurel Hill Confluence, Pa.............. 118 851 
800 142 
107 740 
850 
124 070 
881 040 
240 
240 
300 
460 180 
400 125 
110 
106 
| 
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TABLE 16.—(Continued.) 
(1) (2) (3) (4) (7) (8) 
000 
200 
'700 
460 000 
430 000 
428 000 
428 000 
St. Lawrence River Basin. 
OUR 
St. Joseph............ Buchanan, 11100 18600 15.8 14.8 
Kalamazoo........... Allegan, Mich......... 4700 18.5 13.7 
Muskegon............ Newaygo, Mich........ 350 266 9.5 
Thunder Bay......... Alpena, Mich.......... 260 400 
Bamfield, Mich........ 420 470 220 10.4 
310 11.5 
000 
500 
000 
000 
000 
300 
000 
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Bay. 


PER SECOND. 
AVERAGE. 
Name stream. Location station. 


Catchment area, 
square miles, 
Period 
observation. 


From larger 
yearly 


From avera 


(2) 


= 
a 


St. Mary (above Swift- 
current Creek) 


St. Mary. Near Cardston, Alta 
Swiftcurrent Babb, Mont 


Ottertail (head Red) Fergus Falls, Minn.... 
Red Dak 


Grand Forks, Dak 


Sheyenne Dak 
Red Lake Crookston, Minn 
Pembina Dak 


BE 


with 250 and: 1000, covers all except two these floods. 
There record any American flood large these, although 
the record the Siletz River, covering 3-year period, includes one 
great magnitude; the maximum rate not stated, but the 24-hour 
average rate relatively greater than that any flood recorded 
any other American stream. stated the Geological 
Survey that this stream typical those that.section Oregon, 
and seems probable that floods there equal exceed those foreign 
rivers. also probable that other floods for which records are 
available have exceeded any those recorded. 

the lower diagram Plate LXIX plotted the larger 
the rivers the eastern part the The two 
drawn represent the formula, with 100, 1000; and 
100, cover these great floods well. These may con- 
extraordinary floods streams which usually give large 
These few floods represent the largest ones many 
during the last 100 years, that some them may those 
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VALUES 
Babb, formerly Main, 
| 
2.9 


| 
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Basin. 
SECOND. 
AVERAGE. 
(2) (3) (4) (5) (6) (7) (8) 
Mississippi ....... Above Sandy River, Minn.| 4510 250 
6.8 
000 9.9 
800 10.0 
800 10.0 
Below Pine River Reser- 
520 6.8 
479 
Minnesota Mankato, Minn............ 600 085 800 11.6 11.0 
Chippewa Eau Claire, Wis........... 740 105 520 


which would normally very long and others may 
floods rivers having greater: than 100, which. would 
formula was obtained from data independent these floods, the agree- 
noticeably: close, valuable check the formu- 
las here proposed. 

parison the proposed formula for obtaining 
period. For the proposed formula, taken 65, which the 
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River Basin. 


FEET 
PER SECOND. 


Name stream. Location station. 


Period 
observation. 


square miles, 
From 
floods. 


Catchment area, 
average 


year 


Jefferson (continuation 

Redrock 

head)........ Sappington, Mont 
Missouri Townsend, Mont 
Missouri Cascade, Mont 
Madison Red Bluff, 


West Gallatin (head 
Gallatin) 


Middle Creek 
Ford Creek 
Smith Creek 


Milk. 


Yellowstone Livingston, Mont 


Glendive, Mont 


oo 


wo 


Shoshone (South Fork)... 
Clear Creek 

Little Muddy 

Missouri 


o 


Cannon Ball 

Belle Fourche 

Niobrara 

North Platte 


North Orin Junction, Wyo... 
North Platte Guernsey, Wyo 


North Platte 


on NOOK & 


1052 
10 040 6.0 
500 
000 11.2 
12.7 
Boulder (West Mont............ 1528 
Marquette, Wyo.......... 500 
-|Broncho, Dak..........| 1260 
1250 
Stevenson, 3650 
Edgemont, Dak.........| 7350 
410 
alentine, (fort Niobra- 
Pathfinder, 12000 10800 
16200 14509 
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TABLE 20.—( Continued.) 


(1) (2) (3) (4) 
720 4.1 
010 4.3 
400 4.1 
200 4.0 
South Platte (South Fork)|South Platte, Colo........ 160 2.4 
South Platte (South Fork)|South Platte, Colo........ 454 2.7 
‘ . 
3.2 
St. Vrains Creek........... Lyons, Colo........ 209 982 9.9 
1145 
Boulder Creek Boulder, Colo...... 179 720 11.8 
South Boulder............. Marshall, 125 580 
1 685 
Cache Poudre......... ..|Fort Collins, Colo......... 1060 11.9 
1 12. 
5 
Arlington, Nebr 568 5.8) 6.0 
and 000 15.8 
400 14.2 
841 000 18.2 


average for eastern rivers. For the McMath formula, values 
These values seem reasonable when considered that, during 
period years, unusually heavy rainfall would probably come 
frozen well-saturated ground, for percentage run- 
off would great as, greater than, would from 50% 
impervious area city. Table indicates that the flows for 
small catchment areas, obtained the proposed formula, are fairly 
consistent with sewer experience. 


FLOOD FLOWS 


Lower River 


FEET PER 

SECOND. 


AVERAGE. 
Location 


Name stream, station. 


obser- 
vation. 
Average| Larger 

yeariy. floods. 


Q (Ave.). Q. 
(2) 


a 


Salida, Colo....... 
Arkansas Canon City, Colo.. 


Arkansas 


Arkansas Nepesta, 
Arkansas... ..|Hutehinson, Kans. 
Purgatory Trinidad, Colo 
Verdigris Liberty, Kans 


Neosho Tola, Kans 


PER 


Name stream. 


Waco, Tex 
Austin, Tex 


Rio Grande Del Norte, 


Colo.:... 


1054 [Papers. 

From 
square aver- 
miles, 
flood. 
5611 
400 
925 
980 
9.130 8996 6.1 
950 
120 
(1) (2) (3) (4) (5) (6) (7) 
7 
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River Basin. 


| 
| 


| 
| 
| 


FLoop 


VALUES 
PER SECOND. 
24-HouR 
116 000 4.5 
16.5 
600 
1 
22 
| 


By. grouping rivers according their values and investigating 
the conditions, storage, sandy area, for 
these different groups, seems probable that much valuable informa- 
tion could obtained with the data now available. 

writer feels that the method rating and comparing rivers 
using the average yearly floods affords means valuable 
information many rivers with comparatively small amount 
labor, and hopes that the future the maximum flood for each year 
will observed for many more rivers. also hoped that 
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Basin. 


VALUES 
PER 
(1) (2) (3) (4) (5) (6) (7) 
990 4.8 
900 5.5 
380 5.5 
100 5.6 
590 5.7 
200 6.1 
200 6.1 
18.3 
823 18.9 
Big Cottonwood........ Salt Lake City, Utah.... 460 
‘ 
Salt Lake City, Utah.... 21.3 4.8 
Emigration Creek...... Salt Lake City, Utah... 1.2 
8. 
620 12.5 
310 12.9 
600 12.7 
Hobble Creek.......... Springville, Utah........ 120 820 7.2 
Spanish Fork........... Spanish Fork, Utah..... 670 860 4.6 
San Pitch.............. Gunnison, Utah......... 210 
100 1.0 
080 
400 
3.3 
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TABLE 24.—(Continued.) 


(2) (5) (6) (7) (8) 
1 
15.0 
Walker (West Fork) Cal.............. 306 4170 
Prosser Creek........ Hobart Mills, Cal......... 924 
Independence Creek.. Independence Lake, Cal.. 286 
‘ 
Carson (East Fork)..|Rodenbohs, Nev.......... 540 
438 16.2 


records both the 24-hour average rate and the maximum rate 
flow will made for our larger floods, and that for all records 
floods will clearly stated which rate refers. this study 
was difficult, many cases, distinguish between the two. 

Acknowledgments.—As far the writer knows, the first suggestion 
the use the element time formula for flood flows was made 
Allen Hazen, Am. Soe. E., memorandum written him 
1910. This memorandum contained study maximum floods 
some eastern rivers, and suggested formula nature similar 
the one proposed this paper. Mr. Hazen has followed closely the 
progress the study which here presented, and him the writer 
indebted for many valuable suggestions. 

The late Richard Hazen, Jun. Am. Soe. was associated with 
the writer the earlier and essential portions this study, and 
was the intention that should write the paper jointly with the 
writer. this now impossible, the writer can but acknowledge 
his indebtedness and pay tribute the great amount able work 
done Mr. Richard Hazen the preparation this paper. 

The writer also wishes acknowledge his indebtedness those 
who have furnished data for the paper. Free use has been made 
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Paciric Coast. 
VALUES 
PER SECOND. 
820 
196 000 
184 600 
26 500 
Feather (North Fork). Below Prattville, Cal...... 506 750 
Cache Lower Lake, Cal.......... 500 300 15.8 
851 102 
384 
24 400 64 


many papers and reports. great value, owing their 
completeness and reliability, have been furnished John Cook, 
Am. Soe. E., for the Passaic River; Hale, Am. 
Soe. E., for the Merrimac River; and James Tighe, Am. 
Soc. E., for the Fomer River. 


FLOWS, 


Name stream. 


(South Fork).... 


Salmon Malott, 152 
300 

Kachess Lake, 

Snake (South Fork)....... Near Minidoka, 900 
Snake (South Fork)....... Minidoka, 600 
Highland, Idaho........ 2610 
Grande Ronde Hilgard, 660 


Paciric Coast. 


Location station. 


Brockway, 
Cascade Locks and 

Dalles, Ore. 


Newport, Wash. ....... 
Missoula, Mont......... 
Grantsdale, ...., 
Missoula, Mont......... 
Spokane, Wash......... 


Catchment area, 
square miles. 


287 000 


FEET 
PER SECOND. 
AVERAGE. 


Larger 
flood. 


Average 


138 000 
100 155 000 
544 800 
487 
875 
356 
800 
450 000 
000 000 
280 900 


21900 
20890 
457 450 
540 100 
800 870 
390 620 
370 
17000 
880 130 

14540 
500 
940 

607 
659 | 728 

526 200 
430 

250 920 
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| VALUES 


Period 
From larger 


observation. 


floods. 
From average 
yearly flood 


6.5 
| 44 
18.7 
| % | 12.2) 14.6 
7.3 
4 29 
18.7 


\ 
. | } 
5 960 | 
| 8 260 
7 500 | 17 700 
8 412 | 21 100 
| 8 73 
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TABLE 26.—(Continued.) 


182 000 122 
179 000 126 
168 000 180 
Willamette (Coast Ore............ 690 20500 109 


From the report Emil Kuichling, Am. Soc. E., the 
Water Supply for the New York State Barge Canal, many data, for 
both American and foreign streams, have been taken, well 
summary the formulas previously proposed. 
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(Max.) 


Esopus, Saugerties, Y........... 000 1.82 125.0 333 
Br. Conemaugh, Johustown, Pa. (Johns- 

Sawkill, Y., miles above mouth........ 000 1.69 17.2 275 
Chemung, Elmira, 138 000 446 257 
Neshaminy, below Forks, Pa....... 000 1.45 252 
Little Tennessee, Judson, 500 1.28 245 
Six Mile Creek, Ithaca, Y............. 500 1.68 21.4 248 
Potomac, Great Falls, Md............... 470 000 1.12 1750 240 
East Branch, 000 1.26 238 240 
Tohickon, Pt. 100 1.50 40.5 
Tennessee, Chattanooga, Tenn............ 000 1.10 2910 228 
Savannah, Augusta, 310 000 1.14 221 
Perkiomen, Frederick, 600 1.44 217 

Catskill, Woodstock, 000 1.40 208 
Susquehanna, Harrisburg, Pa............. 700 000 1.10 200 200 
Delaware, Stockton, 255 000 1.14 1170 190 
207 000 1.15 975 184 
Nine Mile Ck., Stittville, 820 1.58 27.5 180 
Raritan, Bound Brook, 000 1.26 230 180 
Stony Creek, Johnstown, Pa.............. 000 1.32 127 179 
Susquehanna, McCalls Ferry.............. 671 000 1.09 176 
Trout Brook, Brooksport, Y............ 950 1.76 18.1 171 
Tuckaseegee, Bryson, 1.28 180 168 
Susquehanna, Danville, Pa................ 805 000 1.12 1720 159 
Fomer, above reservoir, Mass................ 380 1.92 7.8 159 

TABLE 28. 

Catchment 

area, 


(1) (2) (3) 


0.1 104 30) 
1.0 398 440 20) 


TABLE 
R,= in. rain hours, 
Hilly part water-shed, 
a 9 + (0.0658 m A)3 80.6 
615 
Murphy and Formula taken from Geolo ical Survey, Water Supply and Irrigation 
others........ A + 3820 + = Paper No. 147. pply 
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The following formulas are taken from the Report the Barge Canal, State New York, 1901. 
Part the Report Water Supply Emil Kuichling, pp. 844 851. 


Author formula. Formula. Notes. 
(2) (3) (4) 


the following coefficients: 200, 825, 200, and 2200; each one applicable 
different part India; 500 here taken representative value. 


0.311 


average width drainage basin. 
Lis taken being equal the formula reduces 


365 hyp. log. A). 


4(slope per 000) 
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[Papers. 


(Data from Report Barge Canal, State New York, Part 14, 


Emil Kuichling.) 


Flood, 


(5) 


Aos 


River 
(1) (4) 

Irrity, India.......... 150 000 
Dept. l’Ardeche, 247 000 
Kemlitz and Dittelsdorfwasser, Germany.... 
Wittgendorfbach, 650 
Landwasser, Germany............ 050 
Dittelsdorfwasser, 287 
Landwasser, 400 
700 
248 000 
Wittgendorfbach, 450 
Landwasser, 350 
Nebenwasser, 550 
200 
Brook near Dublin, 560 
“Woodhead Reservoir, England............... 520 
200 
Torside and Rhodeswood Reservoir, Englaud 860 
800 


© 


(6) (7) 
890 
827 
635 
630 
620 
| 495 
460 
444 
435 
415 
350 
840 
830 
805 
290 
285 
268 
260 
260 
235 
254 
250 
250 
240 
285 
224 
214 
208 
208 
200 
128 198 
112 179 
172 
1 12.8 170 
165 
165 
159 
159 
140 158 
875 157 
154 
10.6 156 
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MECHANISM FOR METERING AND RECORDING 
THE FLOW FLUIDS 
THROUGH VENTURI TUBES, ORIFICES, 
CONDUITS 
INTEGRATING THE VELOCITY HEAD.* 


During the last century, and even prior thereto, investigations, both 
theoretical and practical, and many ‘experiments were made order 
solve the problem the flow water through pipes, orifices, 
tubes, Venturi, Italian investigator, made very interesting 
experiments about 1790, and devised what has since been called 
Venturi’s tube, which, due its peculiar shape, possessed the prop- 
erty discharging water with very small amount friction. He, 
well later investigators, deduced formulas for the velocity and 
velocity head which not differ much from those present use. 

1887 and 1888 Clemens Herschel, Am. E., first sug- 
gested the practical use Venturi’s tube water His sug- 
gestion was far-reaching, because any device that could used 
record integrate the velocity head the Venturi tube would also 
perform that function for any orifice contraction pipe con- 
duit wherein the flow function the velocity head. Since that 
time many efforts have been made, with varying degrees success, 
design registering mechanism which would indicate reliably the 


*This paper will not presented any meeting, but written communications 
the subject are invited for publication with Transactions. 


Transactions, Am. E., Vol. XVII. 228, and Vol. XVIII, 
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total discharge through such tube orifice. Mr. Herschel has made 
several inventions this character. 

small meter connecting the full and contracted sections 
Venturi tube. Several engineers, including the writer, have inde- 
pendently conceived this idea, but afterward abandoned imprac- 
ticable. “At ‘contrivance ‘will giye approximate 
results, when the low, the velocity moving 
varies the square the velocity—is too minute 
operate moving mechanism. 

Some the early devices and recording the velocity 
head were based Bourdon tubes, and some diaphragms bal- 
anced springs. were. One, Herschel’s earliest devices 
was ingenious apparatus based the former principle; but, 
eventually, all these were abandoned favor mercury, which was 
found much more constant, and satisfactory trans- 
mitting medium. 

The fundamental principles the subject will considered 
briefly. The flow water and other liquids well gases follows 
the eternal and unchangeable law gravity. For steady flow this 
may represented the “Velocity proportional 
the square root the head producing velocity,” or, algebraically, 


WH, 


which the velocity, in.any convenient unit, 


the head producing such velocity, 
ment and the character space through which 
the fluid flows. 

the effective head, may expressed feet, pounds per square 
inch, ete: 

The space may pipe any length, submerged orifice, 
open inclined channel, Venturi tube, nozzle. seen that 
this the form the simplest equation parabola: 

For practical purposes, the ideal form meter would device, 
connected small tubes with adjacent parts pipe through which 
fluid flowing, which would measure automatically the square root 
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head or, pressure producing the velocity. would 
has been impossible, heretofore, this ideal, because the forces 
Theoretically, the Venturi tube contraction pipe, 
formed cause small frictional resistance flow; and 
remarkable how slight this contraction may order produce 
the same difference velocity head that caused Pitot tubes 
tracted portion need not differ from that the full more 
than 17.7% order produce the full effect two Pitot tubes, one 
pointing and one pointing down stream, with their openings 
the center, the pipe, the points maximum velocity. 
practice, however, the Venturi tube composed short pipe con- 
connected with the main pipe conical section pointing 
stream and longer conical section pointing down stream, the 
convergence these two sections being dependent ‘on experimental 
determinations, the object being the highest flow with 
least unrecoverable loss head through the entire 
Venturi tube. These angles convergence and divergence have been 
determined Venturi and, more modern timés, Weisbach, 
Eytelwein, Francis, Smith, Herschel, others, but, any 
rate, pretty well settled that they should somewhere between 
fairly wide limits, beyond which the results are certainly not good. 
However, they may be’ relatively the same for Venturi tubes, 
whether the contraction nearly the pipe very much 
smaller, the difference being that the former case the entire Venturi 
tube would short and the latter case long. Of,course, the pur- 
pose Venturi tube, the contracted: section which small 
compared the full bore the pipe, exaggerate the velocity 
head indications that they can observed measured, especially 
for low flows. illustrate; consider the simple formula stand- 


ard Venturi tube, having 0.977: 


which the only two variables are and 
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the velocity through the full section, feet per second; 

the difference heads between the up-stream 
section and the contracted section, feet; 

the diameter (or radius) the full section; 

the diameter (or radius) the contracted section. 


This formula may written: 


Now, assume velocity the main low 0.25 ft. per sec. Then 
the formula may written 


D 


and assume 0.01 ft. low possible indicate then 


D q 


which means that when the velocity through the main low 
0.25 ft. per sec., desired get indication the velocity 
head great 0.01 ft., the contracted section the Venturi tube 
must less than 54% large diameter the main. 
with tube having ratios diameters equal 


0.0815 ft. for 0.25 ft. per sec. 


Even this result cannot obtained with the best apparatus formerly 
use, unless one the essential features the Venturi meter 
seriously sacrificed, namely, the measurement high velocities. 

The best types Venturi meter registers have formerly depended 
for their registration some form cam having parabolic curve, 
fashioned around drum revolving about center. Near zero, 
the origin, the curve changes direction rapidly, and zero crosses 
one the axes reference right angles and becomes parallel 
the other. probably this feature, more than any other, which 
has limited the minimum velocity measurable Venturi meter; 
and though the measurement low velocities attainable high 
ratio tube diameters, there thus encountered the other difficulty 
excessive frictional loss through the Venturi tube for comparatively 
high velocities. even intended measure velocities high 


AND RECORDING THE FLOW FLUIDS 1069 


ft. per sec., which occasionally desirable, the frictional head 
areas, would ft., obtainable from the formula: 


0.0021 
which the frictional head, feet, 
and the velocity through throat, feet per second. 


Besides that, any form register depending mercury the 
medium indicating the velocity order cover ranges 
velocity from ft. per sec. down zero, the apparatus would have 
diameters, areas, with velocity ft. per sec. through 
the main, the frictional head would only 3.36 ft. This still 
material loss, but velocity ft. per sec. unusually 

must remembered that, far metering fluid con- 
cerned, any form orifice contraction pipe would just 
good Venturi tube. also highly probable that the coefficient 
flow would remain nearly constant through just wide range 
velocities; but the great advantage Venturi tube its small 
frictional resistance flowing fluid, and this respect the 
best shape yet devised. 

The writer will now describe form meter register particularly 
adaptable the registration flows through any form orifice, such 
the use Pitot tubes and Venturi tubes small ratios and 
consequently minimum frictional heads. The fundamental principles 
were discovered the writer 1904 and were finally developed into 
the best practical working form 1909. The basic idea float, 
shaped that, when acted the head due the velocity flow- 
ing liquid, its movement will directly proportional that velocity. 

The device novel form, and covers principle hydraulics, 
which, although rational and perfectly obvious analysis, the writer 
believes has not heretofore been recognized. This may stated 
follows: hollow body any shape, with open bottom, floats freely 
liquid having the same specific gravity and touches another 
liquid greater specific gravity, and the relative pressures without 
and within this hollow body are changed make the internal 
pressure than the external pressure, then the body will sink into 
the heavy liquid, and the amount displacement will exactly 
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equal the quantity the heavier liquid which will into the 
interior the body..and above the level the heavier liquid outside 
the body. 

assume figure revolution, and call the total volume 
heavy liquid, within the float 

The principle may understood consideration the laws 
equilibrium—the algebraic the vertical forces must equal 
zero; the sum the 
horizontal forces, and the 
sum the moments must 
need consider the 
first condition 
ing the the 
liquid subject the 
same unit pressure within 
and without the hollowB 
body, but the resultant 
external forces acting 
body ‘by: the 


weight 


liquid, and the 
total upward acting 
placement the annular 


portion the body, 

bea. For equilibrium, the 

positive and the other negative, must equal amount; but, 
that the the entire quantity liquid equivalent the displace- 
ment the hollow body, and must found the interior 
the hollow body, and hence the ‘outer level the surface the 
heavy liquid does not change with variations pressure outside and 
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float will sink into the heavier liquid amount represented the 
annular volume, acb, which will and the net volume 
before stated, the level bb, will the same, 
matter what the values h,, and may be. 
Let the movement the float from given datum; 
the Venturi head; 
the corresponding mercury head; 
the velocity through the Venturi tube; 
the ordinate variable radius the inner -portion 
-the 
the corresponding abscissas, measured from the bottom 
the float; 


the constant radius the outer cylindrical portion the 


the total volume, the heavy liquid within 
the float; 
the volume heavy liquid above cc; 


and the volume the float below cb. 


Assume the radius the pipe, small and negligible. 
Take, hypothesis, also for unity the h,, for 
Therefore, the cross-section the float must conform the follow- 
ing equation: 


Geometrically, 


derived follows: 


the float were not free move vertically—that is, were restricted any way, 
with variable lever arm, counterweight, spring—then the movements the liquids 
would not follow the law stated; but, the difference pressure became the 


surface level the heavy liquid would below fixed level the outside and rise 
above fixed level the inside. 
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Also, the differential equation cubature, 


Differentiating, have 22) 


Combining Equations (7) and (9) and reducing, have 


and when must use the plus sign before the radical, 
therefore, 


(13) 


This equation the fifth degree, between the two variables, 
and attempt has been made discuss this equation exhaus- 
tively plot all the loci, for, though this would interesting from 
purely mathematical standpoint, evident that only that locus will 
satisfy the physical conditions wherein both and have positive, real 
values. 


thus seen that there are values between and which 
give infinite imaginary values consequence, the integrat- 
ing apparatus operated the sheave, theoretically accurate from 
zero any practical limit that may desired. 

The shape the float such that its vertical movement propor- 
tional the square root (the mercury and water Venturi 
heads, respectively); and, the velocity through the Venturi tube 
also proportional the square root the vertical movement 
directly proportional the velocity quantity water passing 
through the Venturi tube. The same principle will hold true the 
Venturi tube replaced any form orifice, the pipes, and 
connected with Pitot tubes main; for, any these cases, 
the values represent velocity heads, the same they for Venturi 
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tubes, and the velocity heads are always proportional the square 
the velocity producing the head. 

assume h,, Equation (13) becomes: 


which the more general form, which can give any value, 
consistent with practical limitations. For general use, however, Equa- 
tion (13) satisfactory, particularly there value which in- 
creases diminishes the accuracy the apparatus. 

these calculations, the radius the pipe, within the float, 
assumed small that does not affect the results. Even 
correction made for this volume, the error low velocities would 
negligible, and, maximum velocities, would less than half 
1%, provided the pipe made small possible. Its effect 
raise slightly the level the heavy liquid, both inside and outside the 
float, the same amount and aggregating the volume displacement 
the pipe, and, where desired make this inside pipe, 
appreciably large outside diameter, allowance must made for its 


disturbing influence. The final rationally derived formulas for that 
purpose are follows: 


which the only variables are and 
the mercury rise before; 


the vertical movement the float; 
and the variable radius the interior. 
The constants are: 
radius cylinder containing float; 


use these formulas practically, necessary tabulate and 
h,, and finally representing the abscissas, before, and the 
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ordinates. The necessity this complication can avoided en- 
larging the outer cylinder the location the surface the mercury. 

the writer has devised many other forms and modifica- 
tions, the form float illustrated Fig. Equations 
(13) and (14), believed far the most practical, because 
provides for maximum increments volume and consequent accuracy 
minimum velocities; and, with float given radius, the mini- 
mum clearances are possible with the smallest cylindrical casing; also, 
there are several other practical advantages importance. When this 
paper was first prepared contained discussion every practical 
modification form, with the derivation the equation each float. 
These, however, would take too much space and mathematical 
rather than mechanical interest. 

first thought, might seem that more practical shape would 
consist cylindrical interior and curved exterior, because that 
would formed more readily and accurately. Its cross-section would 
curve the second degree, and the volume would paraboloid 
revolution, convex outwardly. However, cannot made with 
greater accuracy, probably with greater facility, and, for 
paratus the same size, the form shown Fig. almost.seven times 
accurate minimum velocity. 

The essential requirements water meter are: 

Accuracy within the range the apparatus. 

2d. Range, ability measure which the per- 
centage the maximum minimum. 

3d. Minimum frictional resistance flow. 

4th. Reliability, ability perform with the greatest continuity, 


the minimum attention, and the least danger accident 
damage. 


5th. Long life and small repairs. 

6th. Low cost. 

Simplicity. 

8th. Accessibility—easy examine and adjust. 


9th. Minimum dimensions and weight, occupy the least 


10th. Good appearance. 


The apparatus having the principles shown Fig. and described 
more detail herein approximately fulfills these ten requirements. 
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One the first difficulties was prevent air from 
accumulation, course, would lighten the float and therefore vitiate 
the results. Two check-valves opening upward are placed the cap 
the float. These are opened automatically when the velocity head 
reaches the maximum, and they can opened will, hand 
device, from the outside the bottom the pressure chamber, without 
otherwise dismantling the meter. This same device also automatically 
prevents the loss mercury when the flow reaches amount 
beyond the maximum capacity the meter register, equalizes 
the pressure within and without the float. 

additional device for this purpose has been designed prevent 
loss due sudden break either the pipes leading 
from the meter register the Venturi tube, but these are safety 
devices not unusual novelty, and, therefore, detailed description 
them unnecessary. 

Figs. and show applications this meter register. 

The made hard rubber conform metal template; 
but, make sure that correct and will perform according the 
theory which designed, each float tested working 
machine applying, under pressure, heads corresponding 
the velocity heads the Venturi tube tube 
used, and noting from standard rate-of-flow dial the corre- 
sponding velocities, which are compared with the theoretical velocities. 

For heads, greater than ft. the coefficient velocity through 
standard Venturi tube nearly constant secure results within 
the the apparatus above described, 
Venturi heads, less than 0.01 ft. are readily integrated. The 
velocity coefficient through the Venturi tube, however, materially 
different, amounting much low velocities, and the 
instrument, modified accordingly produce accurate results 
down less than 0.01 ft. 

The data for this modification, well the method making 
the correction, are intended the subject later paper. 

Leading the final development the apparatus illustrated 
Fig. will interesting consider two the earlier forms. 
Fig. shows extremely simple apparatus, which, first sight, 
would appear superior the device shown Fig. 
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placement device, all within casing. The upper portion this 
casing connected with pipe from the full section the Venturi 
tube, and the portion below the piston, connected with pipe 
leading the the Venturi tube. The differential pressure, 
Venturi head, acts the piston and forces the float, down 
into the before, the problem shape the float that 
its vertical movement from fixed line reference will propor- 
tional the square root The displacement device, such 
that when there flow the Venturi tube and the apparatus 
equilibrium, the bottom the float, will tangent the upper 
surface the mercury. The level the mercury, will change, 
course, the float descends. The equation the float, though 
rather more difficult deduce, follows: 


and being depending the size the piston, the 
assumed movement the float, with the given Ventyri head, 
and the relative weights mercury and water. The only radical 
difference form between this formula and the one corresponding 
Fig. the constant, before the fraction. The curve, however, 
still one the fifth degree, and this when becomes zero, 
becomes zero, for the actual formula is: 


(0.454 
0.434 
which the area, square inches, the cylinder containing 


the mercury; 
the area the piston, 
the depth submergence the float mercury, 
inches 
the ratio the square root the Venturi head the 
velocity 
the ratio the pressure, pounds per square inch, 
the Venturi head, feet; 
0.454 the weight per cubic inch mercury water. 
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The objection this apparatus the friction the piston, 
recognized immediately, and, overcome it, diaphragm 
accordion some very flexible type was substituted for the 
piston; this, however, introduced difficulties caused the elasticity 


the diaphragm and the necessity modifying the shape the 


float provide for these variations, the diaphragm could never 

Another form shown 
entirely different princi- 
ple, but the treatment 
the problem analogous 

represents casing 
within which contained 
fixed displacing device, 
and movable cylindri- 
cal vessel, containing, 
say, mercury 
the displacing volume, 
the full section the 
Venturi tube connects 
shown above the vessel, 
and the pipe leading from 
the throat the Venturi 
tube connects within the 
displacing device, The 
Venturi head, forces 
mercury from the outside 
the displacing device, the inside; but, for equilibrium, the 
depth the vessel, must always the same; that 
is, must always constant. With these data found that the 
equation representing the inner curve the displacing device 
exactly the same that the float Fig. namely: 
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This device, some respects, superior any the others con- 
sidered, and, fact, was the one which complete working model 
was first made and tested, and the results were good. The only objec- 
tion the large quantity mercury required for the displacing device, 
obvious that the vertical movement the cylindrical vessel, 
may guided rollers, shown, some other practical man- 
ner. The cross-section the rod, need not sufficiently large 
make its variable displacement affect the results appreciably. 

However, the form 
Fig. that which has 
been adopted the most 
practical; and all the 
twelve other devices, each 
which has been devel- 
oped the writer 
working design, that 
shown Fig. next 
that Fig. the most 
meritorious. all cases 
the registering mechanism 
outside the casing may 
exactly the same 
shown. comprises 
rate-of-flow dial, chart 
device record the rate 
flow, and total-flow 
dial. The first requires 
only graduated dial and 
hand actuated the 
shaft the sheave, 


The second requires pen 


reciprocating along the 


surface revolving figure having straight-line elements, such 
cylinder. The third requires dial having hands which always re- 
volve speed proportional the angular position the sheave, 
This readily accomplished hanging from the sheave, the dial 
which connected with and operated traction wheel, the latter 
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7.—STATIONARY METER WITH VENTURI TUBE. 


6.—STATIONARY METER WITH PITOT TUBE. 
| he 
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being rotated constantly revolving disk. When the sheave, 
sets zero, the traction wheel stands the center the disk, and 
therefore has rotating motion. the flow increases from zero 
and the sheave, revolves, the traction wheel moves away from the 
center the disk and therefore revolves speed proportional 
its distance from the center the disk and the rate flow 
through the Venturi tube. 

There are other equally simple means actuating the total-flow 
dial, but they are all the same principle, and have been use for 
several decades. The revolving flat disk probably the oldest, but the 
revolving cone rivals antiquity. The Nicholson ship’s log 
rather recent the latter device. will seen from 
Figs. and that the chart-recording cylinder and the disk are operated 
the same clockwork. 

Where intended meter liquid specific gravity different 
from that for which this meter adjusted, for instance, the meter 
has been adjusted for measuring water 50° Fahr., and desired 
measure water having temperature 200° Fahr., the results can 
corrected according the following principle: 

fluid passing through Venturi tube orifice, the weight 
directly, and the volume inversely, proportional the square root 
the unit weight that fluid, for: 


Letting the weight the fluid, 
the volume the fluid, 
the Venturi head, 
and the unit weight fluid 


Combining Equations (1) and (2), obtain 
Combining Equations (1), (2), and (3), obtain 


Equations (4) and (5) being the stated relations. 
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No. 46. 


0.010 0.195 0.194 0.52 

0.013 0.226 0.001 0.45 
0.300 0.298 0.002 0.67 
0.054 0.470 0.467 0.068 0.64 
0.078 0.57 0.562 0.009 1.60 
0.112 0.677 0.675 0.002 0.30 
0.279 1.079 1.080 9.001 0.09 
0.368 1.240 1.240 0.000 0.00 
0.487 1.429 0.001 0.00 

1.635 1.635 0.000 0.00 
1.426 2.460 2.460 0.000 0.00 
1.873 2.820 2.825 0.005 0.18 
4.320 4.821 4,280 0.041 
4.830 4.570 4.540 0.66 
5.800 5.010 4.970 0.040 


Tables and contain data relating typical tests meter reg- 
isters constructed the principle described herein, which 
the Venturi head measured, feet; 
the theoretical velocity through the full section the 
Venturi tube, feet per second; 
the velocity indicated the meter register; 
the differences; 
and the percentage error. 


This meter register use several important cases for record- 
ing and integrating the flow measured Pitot tubes, and has also re- 
cently been adapted portable form utilizing Pitot tubes for city main 
leakage survey purposes. This form shown Fig. Quite 
number these instruments are already service. typical test 
one these recorders shown Table 

The first column shows the direction movement, being where 
the column increasing and where the column decreasing. 


represents the Pitot tube velocity heads, feet; 
represents the theoretical velocity calculated for the Pitot 
heads; 
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and represents the percentage error. 


0.0026 0.0890 0.0960 —0.007 
0.0026 0.100 0.0960 +4.17 
0.115 0.1280 —0.008 
0.0064 0.140 0.1520 —7.89 
0.0064 0.145 0.1520 —0.007 —4.61 
0.009 0.186 0.1900 
0.018 0.218 0.220 —0.002 —0.91 
0.018 0.219 0.220 —0.001 —0.46 
0.086 0.872 0.000 0.00 
0.872 0.372 0.000 0.00 
0.054 0.458 0.457 +0.001 
0.054 0.457 0.457 0.000 0.00 
0.1 0.658 0.660 —0.002 
0.1 0.658 0.660 —0.002 —0.30 
0.1 0.779 —0.004 —0.51 
0.208 0.910 0.910 0.000 0.00 
0.910 0.910 0.000 0.00 
0.279 1.054 —0.002 
0.487 1.890 —0.005 —0. 
0.688 1.595 —0.005 
1.092 2.090 —0.015 
1.092 2.087 —0.018 
1.426 2.397 —0.006 
1.878 2.758 —0.007 
1.878 2.752 —0.008 
2.455 8.158 —0.002 
2.455 8.155 —0.005 
8.250 8.640 -005 
4.820 4.210 0.027 
5.800 4.887 -027 
{ 
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MODERN PIER CONSTRUCTION 
NEW YORK HARBOR. 


SEPTEMBER 3D, 1913. 


INTRODUCTION. 


The present general port activity and agitation for modernization 
and expansion the dock and wharfage system New York City indi- 
cate that last the community large seems realize the necessity 
keeping its producing plant, the harbor, date and the top 
efficiency. 

has been said that “all roads lead New York.” Never was this 
more true than to-day. New York the world’s greatest sea- 
port, its greatest factory, and its largest department store. 

There can question that New York City’s supremacy 
manufacturing and distributing center due wise adaptation its 
magnificent harbor. The phenomenal increase the size vessels, 
necessitating longer docks, and the great and constant increase ton- 
nage entering the harbor, both demand determined action port de- 
velopment. 

New York approximately equidistant from the ports Northern 
Europe and South America. Therefore, will undoubtedly receive ad- 
ditional impetus its commerce and shipping the completion 


papers are issued before the date set for presentation and discus- 
sion. Correspondence invited from those who cannot present the meeting. 
and may sent mail the Secretary. Discussion, either oral written, will 
published subsequent number Proceedings, and, when finally closed, the 
papers, with discussion full, will published Transactions. 


1090 PIER CONSTRUCTION NEW YORK HARBOR 


the Panama Canal. Further, the completion the New York State 
Barge Canal, will have direct all-water route the Great Lakes and 
the North Middle States and Canada, and the Cape Cod Canal will tap 
New England commerce. 

Far-sighted public men New York destined be- 
come the world power commerce and industry, and realize that 
must prepare for the future intelligently and broad lines, permitting 
gradual expansion required commercial necessity. 


GROWTH AND DEVELOPMENT THE HARBOR. 


this period harbor activity, will interest both the 
public and the engineer describe the gradual development the 
harbor, such development was first systematically undertaken the 
City, when, 1870, the Department Docks was organized for this 
purpose, and show the types pier construction evolved. 

considering the history dock development the City New 
York, through the instrumentality the Department Docks, must 
borne mind that, its early days, the Department was greatly 
handicapped its progress the fact that the City actually owned 
only very small portion its great water-front, most having 
passed, successive water grants, into the control private interests. 

had been the policy the New York State Government, prior 
the organization the Department Docks, give corporate in- 
terests private persons grants land under water that portion 
the present City outside Manhattan, the object and hope making 
such grants being that such cession land under water would 
sufficient incentive for the investment private capital the develop- 
ment the port. 

The hopes the State and City were fully realized; fact, they 
were generally fulfilled that when the port authority, created the 
Legislature establishing the Department Docks for the purpose 
intelligent development under municipal control, began consider 
the expansion wharfage facilities meet the demands the 
growing commerce, found but little actual water-front possession 
under control the City. 

That the early City authorities used wisdom and foresight their 
work providing for proper expansion the harbor, shown the 
fact that, through their sagacity and good judgment, the. 
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piers the harbor, owned the municipality New York, grew 
from 107 1868, valued 232 1913, valued 
€100 000 000 more. 

There has accrued, therefore, the City, return its investment 
this development the dock system, large sum money in- 
creased valuation and annual rent receipts, the latter aggregating 
round figures about $4000000 per annum, the interest 
capital $100 000 000. 

will seen that, the outset, the Department Docks, concluded 
that proper growth and expansion the harbor under municipal con- 
trol depended the acquisition and control water-front property; 
and since the organization the Department Docks, this has been 
the policy followed City. 

When, 1870, the municipal authorities undertook the burden 
increasing the wharfage facilities the harbor, and procuring funds 
for this purpose, became necessary, basis for their work, 
determine some economic form type construction, both re- 
gard the pier structure proper and also the general location with 
respect the available shore front, whereby the maximum wharfage 
accommodation could developed without excessive prohibitory 

The limited funds available and the small extent water-front 
lands under the actual control the City called for the greatest 
economy space, the land requiring intense development order 
obtain the greatest possible extent wharfage. 

Bond issues applied the development wharfage had 
show the same return the investment, when executed the City 
authorities, these finances were handled private parties cor- 
porate interests. Therefore, what might termed the “principle 
economy expenditure land and funds” was, necessity, followed, 
and this principle was generally adopted private interests well, the 
consequent intensive use the water-front resulting the adoption 
uniform method development definite system, namely, par- 
allel piers generally right angles the general direction the 
water-front, with intervening slips wide enough accommodate vessels 
the type intended berth the piers. 

This parallel system economically constructed piers, with its re- 
sulting economy space’ occupied and capital expended, was un- 
doubtedly one the greatest factors stimulating the development 
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and expansion the wharfage facilities the harbor, keeping 
them abreast the constant increase shipping and commerce. 
has also created far the greatest wharfage space any harbor the 
world. 

The wooden pier, consisting timber deck and floor system sup- 
ported timber piles, became the adopted type. was cheap. dura- 
and readily adaptable all classes shipping. One the 
most important characteristics piers this type the ease 
and economy with which may removed entirely, reconstructed 
wholly part, expanded low cost, meet the increasing 
needs commerce and shipping. dock system docks sufficient 
accommodate the shipping the time was built, might found 
inadequate and obsolete within comparatively short term 
years, complete re-arrangement being then necessary. 

With timber structures, this transformation reconstruction 
simple, rapid, and economical undertaking; difficult and costly 
with stone, concrete, steel, etc. The use concrete piles, 
reinforced concrete substructures similar forms construction; 
therefore, would not only have resulted high first cost 
tion, but the difficulty and expense incidental the periodical removal, 
reconstruction, expansion dock structures this type, neces- 
sitated from time time the growth shipping, would have 
rendered harbor construction work, revenue-producing municipal 


investment, practically impossible, and, consequently, would have greatly 
retarded the development the harbor. 


Types 


The United States Government, virtue its power control all 
navigable waterways the country, established along the entire water- 
front shore line New York Harbor two lines: one the bulkhead 
line, which limits the extent outshore the solid filling reclaimed 
land under water; the other, the pierhead line, which determines the 
limit which piers may extend beyond the bulkhead piers 
must such construction free flow the tidal water shall 
remain uninterrupted the supporting columns. This construction, 
being condition wisely the Government preserve 
tidal conditions and currents, governs, great extent, the handling 
vessels, particularly large ones, and affects the sanitation the City, 
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that prevents the sewage and refuse which would 
closed slips. With open slips, such matter carried away by, 
and disseminated in, the tidal flow. pier construction limited 
the area included between the bulkhead lines. 

The pier which meets these requirements, and was adopted the 
City. its early history the type structure for berthing vessels 
(and also adopted all private and corporate interests), wooden 
structure throughout, consisting deck resting piles driven into 
the mud hard bottom. The physical features the harbor, the 
formation the bottom, and the condition the water, 
fortunately permit the adoption this type which, 
many other parts the world, not adaptable because the life the 
timber itself the water would not permanent fairly long-lived. 
Wood-boring animals, the teredo, limnoria, are very little 
evidence, and, therefore, wooden piles are practically permanent below 
the water-line almost all parts New York Harbor. 

The prominent objectionable feature wooden pier construction 
the expense necessitated the constant repairs the deck sheathing 
and the continuous wear and tear the fender system extending along 
the sides and outer ends the piers. the remainder the 
structure, piles, floor system, its maintenance and repair very 
economical and consists generally the replacement, from time time, 
here and there, decayed portions the timber above mean low water 
only, inconsiderable expense. 

Until seven eight years ago, the piers were generally built with 
decks yellow pine, in. thick, laid system yellow pine floor 
structure rangers and stringers. This deck plank turn was cov- 
ered with second layer either 4-in. plank sheathing, laid 
diagonally right angles the deck proper, form wearing 
surface for the traffic. 

Constant repairs and renewal this deck sheathing, caused the 
wear and tear team traffic, augmented great measure the 
moisture, horse urine, which saturates the wood and eventually 
finds its way the underlying deck and rangers. This forms the 
item incident the expense pier maintenance, the average 
life the sheathing for most busy piers being about years, re- 
quiring 17% renewal annually. the cost the deck sheathing 
generally about 12% the total cost pier, will seen that these 
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sheathing repairs would aggregate per annum the cost the en- 
tire structure. 


New PRACTICE. 


Notwithstanding the necessity for constant repairs the deck 
sheathing the wooden pier, the parts the remainder the structure 
—rangers, caps, stringers, piles, and bracing—give excellent service. 
Maintenance economical, the average life the structure above mean 
lew water line being from years, the repairs aggregating 
entire renewal above low water that period time. the life 
the piles supporting the structure practically permanent when sub- 
merged below the water, the entire structure can rebuilt after this pe- 
riod and made practically new “bench capping” such piles may 
decayed above the water line and renewing the stringers, caps, deck, and 
sheathing; other words, the pier structure proper, after life 
years, readily susceptible renewal above the water line, the support- 
ing piles below that line being all intents and purposes permanent. 

will readily seen that the life the wooden pier structure 
would prolonged still further, and the cost maintenance and re- 
pairs reduced, the elimination the objectionable deck 
sheathing and its replacement. some form deck impervious 
moisture and the wear and tear traffic. 

was with the object eliminating this large repair expense in- 
cidental the maintenance the sheathing, and reducing mainten- 
ance cost generally, that the Engineering Bureau the Department 
Docks and Ferries, under the direction Bensel, Am. Soc. 
E., then Commissioner Docks, about seven years ago, began seri- 
ous investigation and study the problem producing permanent 
deck surface supported timber piles, assumed permanent below 
the water line. 

This study has resulted the entire elimination the old style 
wooden deck new. structures, and the production new type 
consisting reinforced concrete laid directly the transverse cap 
system the wooden pier This concrete laid slabs, 
spanning the pile bents practically simple beams. 

This new type deck eliminates not only the 4-in. deck sheathing, 
but also the 4-in. deck proper and the underlying 12-in. yellow 
pine ranger system longitudinally the pier top the transverse 
system, further increasing the life the substructure. 
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Fic. 2.—TENSION REINFORCEMENT AND TEMPLATES FOR HOLDING POSITION. 


_ 
CONCRETE DECK AND STEEL REINFORCEMENT. 
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structure was thus evolved which had permanent deck practically 
impervious the penetration moisture the substructure, readily 
renewable from low water the under side the deck, and 
permanent below the water line, with first cost about equal that 
the old wooden deck pier. 

The first step the elimination the great factor, the re- 
newal the deck sheathing, was the replacing this sheathing 
conerete wearing surface, from in. thick, laid directly the old 
type timber decking. This type was used the North German 
Lloyd and Hamburg American Steamship Companies the reconstruc- 
tion their piers Hoboken, and the City New York the 
Chelsea Section piers, the result being deck surface which im- 
pervious moisture and urine, and, therefore, protection the 
substructure, well saving maintenance. 


The unit cost construetion pier depends large 


measure the size the pier. the outer portions, the sides, and 


outer end large pier are more rigid and heavier than those 
smaller pier, and, therefore, cost more both labor and material, the 
relative cost per square foot short pier considerably larger than 
that long one. The average cost the old wooden deck pier 
large dimensions from $1.00 $1.15 per sq. ft. 

Further investigation and study resulted the entire etimination 
the wooden deck plank, deck sheathing, wooden floor rangers, 
and the adoption the present type pier deck, before men- 
tioned, consisting slab, 103 in. thick, extend- 
ing from center center the transverse pile rows placed generally 
ft. apart. This slab designed carry live load 500 per 
sq. ft. for the 10-ft. span between pile rows, and reinforced with 
square steel rods. The latter run longitudinally the pier, are 
in. apart, and are staggered that only alternate rods terminate the 
same pile row, with separating rods. The slab 1:2:4 
Portland cement concrete, with broken the upper in. 
the slab being Portland cement mortar finished smooth. This rod 
reinforcement intended standard, but the substitution trade 
sizes equal strength and efficiency permitted, subject approval. 

Definite illustrations this type pier construction are found 
the two new piers recently completed the Department Docks 
and Ferries the Gowanus Section, South Brooklyn, one the foot 
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Street, 1475 ft. long, and the second the foot 33d Street, 
1616 ft. long, each pier being 150 ft. wide. These piers are among 
the finest the harbor, and are probably the largest their type 
the world. The unit cost practically same that the old 
wooden deck type. The decks have crown about in., order 
shed the water. The inshore end the concrete deck rests the 
bulkhead wall, but thereto, horizontal plane joint 
allowing the deck slide the wall expands contracts ac- 
count changes temperature. 

Twenty-six piers with concrete decks have been built the De- 
partment during the past years. The earlier type, exemplified 
the Chelsea Section piers, consists 6-in. concrete deck sur- 
face reinforced with expanded metal and laid directly the deck 
planking. The next type produced omitted the deck plank, and rep- 
resented eight piers with decks consisting concrete slab, in. 
thick, reinforced with expanded metal, the slab spanning yellow pine 
rangers running longitudinally the piers and generally about ft. 
apart. 

The final type evolved, omitting the timber floor system entirely, and 
placing concrete slab reinforced with longitudinal steel rods directly 
the timber-capped transverse pile rows, represented eight piers, 
the most examples being those the foot 31st and 33d 
Streets, South Brooklyn, and the Municipal Pier Stapleton, Staten 
Island. 

All these piers have been built where the condition the river 
bottom underlying them was such that settlement could and 
they have behaved admirably. repairs have been necessary, except 
the fender none are anticipated for many years come, 
excepting the renewal here and there imperfect pile, where rot 
may appear above the water line. Such renewals made 
minimum cost—a few dollars per pile—by without 
any interference whatever with the integrity the reinforced deck 


For sheds, where additional bearing strength re- 
quired the new concrete deck pier for shed column superstructure 
support, the question has been treated the same manner 
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3.—TENSION AND DISTRIBUTING REINFORCEMENT WITH TEMPLATES 
FOR HOLDING POSITION. 


Fig. 4.—REINFORCEMENT COMPLETE, WITH TEMPLATES WHICH ACT FoRMS 
FOR THE ALTERNATE STRIPS CONCRETE DECK. 
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other parts the structure, that is, adding the necessary num- 
ber piles carry the load concentrations, assuming the piles 
permanent below low water and easily renewable above that plane. 

Where heavier concentrations occur, as, for example, double-deck 
two-story sheds, the piles are cut off near low water and covered 
with timber grillage; built this grillage are reinforced concrete 
pedestals, extending the deck level, carry the shed columns. 

Railroad tracks, being requirement the South Brooklyn piers 
previously described, are carried four lines 15-in. steel 
placed the transverse clamp system the pile rows and extending 
from the inshore end the pier sheds within ft. the outshore 
shed wall. The beams rest steel saddles placed the clamps, and 
are entirely encased concrete. 


TABLE 1.—Cost Construction, MAINTENANCE AND 
Average Cost Construction Wooden Deck Piers, $1.00 $1.15 
per Sq. Ft. 


Fender chocks, including vertical years. 


Deck 
Cost construction, 31st Street Pier, 
South Brooklyn, surface, $0.87 per sq. ft. 
Cost construction, 33d Street Pier, 
South Brooklyn, with asphalt surface, 0.97 


Economy being prime factor its construction, was decided 
try out the concrete deck surface for wear and tear heavy team 
traffic, and the earlier decks, therefore, were finished with smooth 
mortar surface receive this traffic. Two years experimenting 
these lines, determined the fact that though the concrete surface was 
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admirably adapted light traffic, cargo handling hand motor 
trucks, could not stand the concentration heavy team traffic 
confined within narrow lanes located generally the center the pier. 
The grinding and turning heavily laden trucks inside these narrow 
‘lanes zones gradually caused surface rupture the top ‘coat 
mortar. was, decided, therefore, place asphalt, wearing surface 
the deck, and this has proven very effective. 

The piers, the foot 31st and 33d Streets, South Brooklyn, have 
been service for about years. signs cracking other im- 
perfections have appéared, and the piers, whole, are complete 
success. 

Repairs. 


For the modern type concrete deck pier, the cost maintaining the 
fender system about the same that for the wooden pier; deck 
sheathing repairs are practically eliminated, except such minor as- 
phalt patching may required, and can considered negligible 
good asphalt deck under cover; the deck plank eliminated; the 
life the ranger and cap system prolonged the protection from 
moisture given the impervious concrete deck, and the cost 
maintenance and repairs, therefore, reduced minimum. 


From the foregoing will observed that the problem which con- 
fronted the Department was the elimination the timber deck and 
deck-supporting structure the wooden pier, the substitution there- 


for some permanent form construction meeting the following re- 


(a) Economy cost construction and maintenance, the unit 
cost such produce make possible remunerative 
return the capital invested. 

(b) The construction such character readily ex- 
tended, reconstructed, re-modeled, or, necessary, entirely 
removed, more intensive development the area occupied 
the pier system piers might made necessary the 
growth commerce and shipping. 


From what has been stated the following conclusions may de- 
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First. Admitting that timber piles and foundation work are gen- 
erally permanent below the mean low water line New York Harbor, 
the Department Docks and Ferries has met the requirements the 
problem producing piers having the following characteristics: 


(a) The deck absolutely permanent; 

(b) The substructure, above mean low water, easily and cheaply 
repaired and maintained; 

(c) The supporting part, below the water line, permanent; and 

(d) The resulting structure such that can readily extended, 
reconstructed, or, necessary, entirely removed cost not 
prohibitive, would the case, for example, with most types 
reinforced concrete deck-supporting structures. 


Second. That the Department has produced permanent parts the 
structures where these are essential. attempt was made obtain 
absolute permanency above low water, the structure supporting the 
deck, for the reason that, 

Third. This portion the structure, the caps, piles, braces, ete., 
protected they are from saturation urine and other objectionable 
fluids the concrete and asphalt deck forming protecting roof, can 
maintained good condition very low cost. 

Fourth. The type structure produced, approximating permanency, 
now being built the Department a-first cost greater than 
that the former type wooden pier throughout, and the cost 


repairs and maintenance the deck structure almost entirely 
eliminated. 


REMARKS. 


The phenomenal growth commerce and shipping New York 
Harbor, producing constantly the need for additional wharfage room, 
has necessarily resulted projects for dock and wharfage improve- 
ments, covering extensive portions the water-front and involving 
enormous amounts money. 

such development should made revenue-producing, follows 
that cheap type pier construction, low first long life, 
and economical maintain, one the fundamental factors deter- 
mining the extent the improvements undertaken not only the City 
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New York, but private interests well. This does not necessarily 
follow when are considered. 

with the vast amount money necessary for the com- 
prehensive development the port, the sums required for similar pur- 
poses other ports the Atlantic and Pacific seaboards the United 
States are very small, fact, many cases, comparatively insignifi- 
cant. Harbor improvements these ports are generally confined 
limited area extent water-front, and consist usually few piers 
bulkheads. Their aggregate cost such that, even not revenue- 
producing, the investment often well within the financial capacity 
the municipality and wisely undertaken reason its effect 
stimulating existing trade and attracting new shipping business, produc- 
ing what might called “indirect revenue.” This has often been the 
incentive inaugurating harbor improvements these minor ports, 
and has resulted, some instances, absolutely 
such great expense that remunerative return the capital invested 
highly improbable, not impossible; other words, the benefits de- 
rived are being consummated too great cost, even when considered 
from the point view “indirect revenue.” 

Notwithstanding the many desirable features this new type 
pier construction, has not been generally adopted, though many in- 
quiries and requests for plans and descriptions the type and method 
construction have been-received and replies made thereto, pointing 
out its proven economy first cost, repairs, and maintenance. New 
York Harbor, however, presents number examples similar types 
concrete deck piers adopted private interests, notable among which 
are: The reinforced concrete deck pier built the Central Railroad 
New Jersey Communipaw, J., 892 ft. long and 131 ft. wide, used 
for railroad freight, tracks being laid the pier deck; the pier under 
construction the United States Lighthouse Board the Reservation 
St. George, Staten Island; and two piers now under construction 
the Brooklyn Navy Yard. The design the latter, particularly, 
presents admirable combination reinforced concrete construction, 
surmounting the wooden pile and grillage supporting foundations near 
low water, resulting practically permanent pier 
first cost. 

When reinforced concrete piers have been built other ports along 
the coast, the attempt absolute permanency, stated above, has gen- 
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erally resulted prohibitive first cost, when considered business 
proposition requiring interest the capital invested. 

Where the life the wooden structure below the water not en- 
dangered wood-borers—in other words, where can considered 
permanent—the difference cost between elaborate reinforced con- 
crete pile and deck-supporting structure throughout, and structure 
the type herein described, represents practically that amount money 
uselessly wasted. 

Further, open question whether the rigidity reinforced 
concrete structure throughout would not serious cause deteriora- 
tion such structures, particularly below the water line. The shearing 
actioh the impact large ocean-going steamship with pier this 
rigid type might cause dangerous condition the entire structure 
difficult repair overcome; even shocks tending break the concrete 
surfaces piles and substructure would admit sea water with its con- 
sequent destructive chemical action and freezing cold weather. 

the other hand, the timber and pile substructure, with its 
flexibility and elasticity, acts, considerable extent, shock ab- 
sorber, dissipating the effect both the vessel and the pier, consequent 
the impact the collision more less violent contact with the 
pier, sometimes occurring when warping vessels into their berths. 

The personnel the Department Docks and Ferries, present 
constituted, follows: Mr. Smith, Commissioner; 
Bureau Engineering: The writer, Chief Engineer; Hoag, Jr., 
Am. E., Deputy Chief Engineer; and Betts, Am. 
E., Assistant Engineer, charge design. 
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PHYSICAL VALUATION RAILROADS. 


The Herculean task valuing the railroads the United States 
vital importance the entire nation, whether viewed from the 
standpoint rate regulation its possible outcome, government own- 
ership. The vastness the interests involved and the effect that the 
result may have social conditions, make imperative the adoption 
the outset underlying principles and methods which will appeal 
the public and the Courts being fair and equitable. 

with the object promoting that will aid 
those burdened with the accomplishment this task that the writer 
ventures advance certain opinions which are the fruit his experi- 
ence the valuation field. 


There are several ways determining physical value, depending 
largely the purpose for which the result used. 

Sale taxation matters, the sale value method has been 
used, right way and real estate being taken their assessed valua- 
tion, and other items their depreciated second-hand value, with- 
out the inclusion overhead and development costs. 


papers are issued before the date set for presentation and discus- 
sion. Correspondence invited from those who cannot present the meeting, 
and may sent mail the Secretary. Discussion, either oral written, will 
published subsequent number Proceedings, and, when finally closed, the 
papers, with discussion full, will published Transactions. 
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New Jersey this method was adopted compliance with the 
general tax law the State, the expert charge the valuation 
stating his report follows: 


“Since the real estate and personal property are inventoried 
and appraised separately from the franchise, seems manifest that 
our duty consider all the thousands parts and items 
the property owned each the several railroads, entirely apart 
from their value considered the composite whole to- 
gether the charter franchise.” 


referring the fixing land values, says: 


“We have the right assume, however, that since the several 
assessors are elected selected the taxpayers their respective 
communities, they must have had sufficient experience land values 
entitle them assess the property their respective districts, and 
that, therefore, they are the best available source information con- 
cerning the going price ‘true value’ the land their districts; 
and, since the several taxing districts are content accept the opinions 
these assessors the ‘true value’ the property individuals, 
corporations (excepting railroad corporations) and firms, should 
give considerable weight the opinions the several local assessors 
when considering the ‘true value’ land.” 

Also: 


“No per cent. has been added the value lands excess the 
value exchange for money, near such value can determined 
the exchange price lands adjoining the lands the railroad 
each particular taxing district, and each particular point where such 
lands adjoin railroad lands.” 


While the New Jersey procedure was proper under the conditions 
there prevailing, yielded results entirely variance with those 
obtained other States where different theories have guided the 
appraisals. 

Certainly, the sales value principle treating the component parts 
property uncorrelated items, prices that they would bring 
thrown the market, not applicable the ascertainment the 
full value the tangible property railroads going concerns. 

Original Cost the Act Congress that prescribes the 
alternative methods under which the Interstate Commerce Commis- 
sion proceed, Original Cost Date named, which the actual 
cost property, reflected the books and records the companies, 
taken. 


rm 
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With rare exceptions, extremely that the books and 
records the railroads the United States will found 
dependable for the purpose ascertaining present-day fair values. 
Only recent years have cost accounts been kept uniform and 
complete manner, and even then the almost universal tendency has 
been understate charges construction, and additions and better- 
ments. This particularly true systems that are the product 
gradual expansion over terms many years. Interest during the 
period construction, organization and administrative expenses, su- 
pervision, freight charges, and the use equipment extensions 
main line and branches, many, not the majority of, instances, 
have been largely entirely absorbed the running expenditures 
the parent company, and are not reflected the book costs. the 
older lines the accounts many the constituent roads have been 
lost are incomplete. Additions and betterments have been charged 
operating expenses. Roads have been absorbed through foreclosure 
proceedings, and the cost has been entered the books figures 
much less than their original cost. fact, all that can said the 
surviving books the older railroad systems that they show merely 
such portion the original cost date there recorded, and 
that, therefore, they are not proper for use physical valuations, 
except far they may aid casting side light esti- 
mated costs reproduction the present time. Moreover, the 
loss old records many roads, and incompleteness records 
others, would necessitate frequent departures from the general rule, 
with resulting inconsistencies and injustice. 

Cost Reproduction second the alternative methods 
prescribed the Act Congress Cost Reproduction New. Under 
this theory valuation, generally construed, the configuration 
the ground surface and other natural topographical. along 
the line are assumed restored and they were before the 
railroad was constructed, but all other respects the existing environ- 
ment taken to-day. 

determining quantities and values under this method would 
seem essential that, far possible, the procedure should dupli- 
that experience has shown would have followed, step 
step, the creation going Mere inventorying the 
innumerable. component items and the placing price each will 
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not give the cost reproduction, because the intimate relation that 
the parts bear to-each other and the cost their assemblage into 
connected whole are thereby ignored. 

The impression prevails that the building railroad begins with 
the breaking ground and ends with the driving the last spike. 
The fact that there are three well-defined and equally important 
stages that precede the successful completion solvent enterprise, 
the first and last which are given but little weight the usual esti- 
mating cost. 

First there initiation. The plan has inception the minds 
men who are fitted experience, acquaintanceship, resourcefulness, 
courage, and tact, give life and sustain through many vicissi- 
tudes final issue. preliminary surveys, and esti- 
mates cost, revenue, and profits, are needed demonstrate its feasi- 
bility. Tentative agreements are essential for the features that must 
secured before publicity. Arrangements must concluded for 
financing the project through underwritings sales securities 
commission basis. Capable men must selected for the adminis- 
trative and engineering staffs. All this requires much time, often 
years, and considerable expenditures which the Interstate Commerce 
Commission has authorized chargeable under its classification 
“47, Interest and Commissions” and “48, Other Expenditures.” 

Next comes the constructive stage. This embraces final location, 
investigation subsurface conditions, and surveys; the preparation 
maps, plans, specifications, and estimates; the purchase and con- 
demnation rights way and real estate; negotiations with other 
railroads for trackage and crossings, and with municipalities and 
towns for franchises and other privileges; the requesting bids and 
the awarding contracts; and then active construction contract 
and company forces. 

The acquisition land and rights from others slow and 
tedious process, fraught with delays and expensive litigation, and 
rarely safe proceed with actual construction important work 
until this step concluded. 

Construction proper necessarily would not started simultane- 
ously all portions large system. The main stem would require 
first attention, followed soon the important terminals, next the 
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principal branches, then the lesser ones, and lastly the minor branches 
and spurs. 

Expeditious construction great railroad system through 
populous communities does not admit the awarding small con- 
tracts, usual minor extensions “going” railroad. Responsi- 
ble contractors wide experience, with followings sub-contractors, 
must attracted the prospect work magnitude remunera- 
tive prices. 

Lastly the educational and development stage, when the line 
opened traffic. Competent forces must selected, organized, and 
trained maintain and operate tracks, structures, rolling stock, and 


floating equipment. design and construction, developed 


operation, must rectified. Equipment consignments must 
received from the manufacturer, “broken in,” and assigned varying 
duties. must induced, economies studied, experiments tried, 
and the brought appreciation the new facilities. Stated 
differently, all parts the new creation must co-ordinated and 
thoroughly trained their new duties before possible handle 
successfully great volume traffic. This period education, ad- 
justment, and development, during which the earnings from operation 
would increase from nothing the commencement the full amount 


the end the period, varies, course, with the nature the 
country and traffic. 


Under the most favorable auspices, usually 
lasts for several years. 


evident that the mere inventorying the items railroad 
parts inert whole will not give due weight the processes 
that experience has shown are essential the creation novo 
vitalized homogeneous system transportation, equipped, manned, 
and trained for the same character service that now performs. 
The problem should approached much the same spirit the 
actual organizing, building, and launching new railroad. 

Cost Reproduction, Less Depreciation—The remaining method 
mentioned the Act Cost Reproduction, Less Depreciation. For 
rate-making purposes does not seem the writer that the physical 
depreciation should deducted from the cost reproduction new. 
Both law and practice have determined that all expenditures for re- 
newals and repairs should charged working expenses, and not 
capital; or, stated differently, normal depreciation not 


r 
S 
. 
1, 
n 
ire 


1114 PHYSICAL VALUATION RAILROADS [Papers. 


treated wastage capital, but element the cost opera- 
tion that covered the rate. 

That any other course would improper and even illogical 
once apparent when realized that any subsequent reappraisal, 
say year hence, the inclusion therein full value renewed item 
that appears the appraisal its depreciated value, practically would 
amount the capitalizing renewal expenditure that had been 
charged income. 

fact, the Act, requiring that valuations shall revised from 
time time improvements other changes are made, effect 
prohibits the deduction depreciation, otherwise the constant addi- 
tion amounts expended the replacement renewal items that 
had been included the valuation their depreciated price, would 
violation the rule the Interstate Commerce Commission that 
operating expenses should not charged capital. 

For instance, expensive coal pockets which will cost, say, $600 000 
renew, may worth nominal sum their present-day run-down 
condition. The adoption depreciated figure would mean that 
when the structure rebuilt, say, next year, would added 
the valuation, although correct accounting would demand that the 
entire cost should charged operating expenses. 

The conclusion seems warranted that, for rate-making purposes, 
depreciation should not deducted from the cost reproduction. 
plainly liability the stockholders, partly offset any re- 
serves that may have been established for that purpose, and should 
given due weight determining railroad company’s net profit 
and loss course, the case Government acquisition, 
this feature would require due attention, for the reason that the pur- 
chaser would assuming the stockholders’ burden future restora- 
tion depreciated items. 

Summary Basic the foregoing reasoning sound, 
evident that the selection the underlying principle must 
guided the purpose for which the valuation made. 

The sale-value method, while used certain instances where the 
general taxation laws thus require, inapplicable for rate-making and 
acquisition purposes because does not take into account the features 
that mark the difference between aggregation dissociated parts 
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and the same parts cemented together and pulsing with life going 

The original cost-to-date method inadmissible, except side 
light other methods, because the incompleteness and non-uniformity 
past records are bar the making accurate statements full 
cost, and because the loss such records many roads makes im- 
possible that universality application that essential equity and 
fairness. 

Cost reproduction new, estimated such manner em- 
brace all the steps that experience has shown are needed for the crea- 
tion living, self-supporting organism, may considered fair 
measure physical value connection with rate regulation; but 
physical depreciation, being element waste chargeable operat- 
ing expenses and therefore stockholders’ liability, not deductible 
except cases where the burden restoring the depreciation trans- 
ferred 

VALUES. 

Even though the reproductive principle accepted, there are many 
who contend that land values entered the estimate 
their original cost, the current normal market price neighbor- 
ing lands, without any increase for severance and other damages, 
for the excess that railroads are compelled pay for right way. 

Original Cost.—The “original cost” measure land values be- 
lieved unfair for two reasons: ignores the increment that 
enjoyed all other property owners through increase the popu- 
lation and prosperity the country; and would lead the incon- 
sistency low original values lines unfortunate enough have 
preserved their land records, and high costs adjacent lines where 
the absence records would make imperative the use present-day 

Current Normal Market Prices—That current normal market 
prices are not proper gauge the cost reproducing railroad lands 
well known all who have had experience right-of-way matters. 
From variety causes, such severance and other damages, plot- 
tage, and the psychological attitude owners toward corporate pur- 
chasers, the prices paid railroads are far excess normal neigh- 
boring values, cities and towns the average factor ranging from 
and the country from 34. ignore this condition 


unjust theory, and practice would result confiscation 
property where actual expenditures for right way recently built 
lines can proven have been many times the cost that would 
result from the use fictitious “normal market prices.” 

Reproductive conclusion seems warranted that strict 
equity served only the adoption one standard land 
values applicable alike all roads, and that the fairest standard 
reproductive cost, which, its name implies, calls for the estimated 
cost reproducing the lands each locality the present time, 
taking into consideration all the elements which are known have 
bearing the purchase railroad right way and real estate, 
including costs acquisition. 

This method guarantees equal consideration the older lines and 
those more recently built, avoids the dangers confiscatory action, 
and gives due consideration the facts that are known enter into 
the purchasing and condemnation lands for railroad purposes. 


physical examination railroad once reveals multitude 
items which are patent the eye and, therefore, may termed 
“measurable items.” 

Interstate Commerce Commission estimate prop- 
erly the cost reproducing these items place, parts con- 
nected whole, exceedingly necessary that they shall listed 
such manner that their relation each other will apparent; and 
this best done adhering strictly the classification ex- 
penditures for road and equipment, prescribed Interstate 
Commerce Commission. fact, this procedure imposed under the 
terms the Act. 

number valuations have generalized their treatment the 
data embraced under the primary accounts the Commission, with 
results that will not bear analysis. For this reason essential that 
every road item should entered under its proper sub-primary ac- 
count, exactly would done the building new line. Bunch- 
ing items together lump prices will not accomplish this result. 

Tentative inventorying all parts, with view their 
relation each other during the process construction, and 
adhering strictly the Interstate Commerce Commission classification, 
possible determine advance the field work list tenta- 
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tive prices for all the items chargeable each the sub-primary 
accounts that actual experience has shown will encountered. 

conditions many railroads various parts the country 
differ widely, each locality requires special study conjunction with 
such records actual cost may available. Based this study, 
tentative price list may adopted for the general information and 
guidance the engineer direct charge each railroad subdivision. 
Such prices would modified him whenever local conditions made 
that necessary, and cases his reasons for the modifica- 
tions should given for visé the engineer general charge. 

fixing tentative prices, due consideration should given 
many elements cost which are temporary nature during con- 
struction and are not always apparent after years, as, for. instance, 
salaries and expenses connection with the acquisition lands; 
temporary trestles facilitate track-laying advance the erection 
bridge superstructures; preliminary surfacing track for the 
preservation rail from injury pending final ballasting; and trans- 
portation men, tools, and material points distribution, the 
expenses which are best incorporated the unit prices rather 
than attempt segregate them under Interstate Commerce Com- 
mission Account 32. 

Owing wide fluctuations the costs labor and material, the 
practice adopting unit prices that will fair averages over period 
several years has been followed extensively. This undoubtedly 
the proper course, with the exception items that have shown con- 
stant tendency one direction, the cases lumber, piling, ties, 


and many classes labor. the latter instances, would seem 


that current instead average prices should adopted. 


OVERHEAD 
(Exclusive Interest During Construction.) 

already stated, the inventorying and pricing measurable items 
means yield the full cost reproducing railroad. 

The necessity providing means for cementing together these 
items recognized the Interstate Commerce Commission through 
certain accounts the classification expenditures for road and equip- 
ment, viz.: and Operating Expenses 
during Construction; and 48, inclusive, General Expenditures. 


| 
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estimate the cost railroad also requires allowance 
for contingencies, which the fallibility the best engineering fore- 
has shown necessary cover omissions, errors, and 
uncertainties. 


the aggregate, these overhead expenses constitute large per- 
the total cost. 

should borne mind that Interstate Com- 
merce Commission Account calls for engineering expenses con- 
nection with Road Iteras only, and does not apply Items 
2—Right Way and Station Grounds, and 3—Real Estate, nor 
Items 42, inclusive, Equipment. 

Contingencies.—Despite the utmost care estimating, experience 
has shown that final costs are invariably far excess preliminary 
forecasts, unless percentage added cover multitude con- 
tingencies that arise during the prosecution work. 

honestly prepared estimate never over-states quantities, but, 
the contrary, omits many which are overlooked escape attention. 

Claims are made neighboring land owners, employees, contractors, 
others that frequently involve lawsuits. 

Condemnation proceedings result awards for damages far 
excess usual anticipations. 

Floods, wash-outs, and errors employees cause added expense. 

Delays are sure that enhance costs, as, for instance, through 
strikes, court proceedings, and difficulties securing labor and mate- 
rials, and also through increased interest pending the time 
final completion. 

Finally, there always the danger rising markets for material 
and labor, and scarcity high-grade contractors. 

recent years there has been growing appreciation the neces- 
sity adding for contingencies not less than from 20% care- 
fully prepared preliminary estimates cost. The instances are many 
enterprises have under-estimated their cash needs, through in- 
adequate allowance for this feature, with disastrous financial results.’ 

has been said that the knowledge gained from the study 
railroad largely eliminates elements uncertainty. This 
true such features adequacy waterways, miscellaneous items 
-often forgotten overlooked preliminary estimate, and, some 
extent, nature foundations and classification excavation; but the 
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elements chance still remain, such delays, rising 
markets, scarcity competent contractors, omissions, inflated land 
values and damages, complications connection with the elimination 
grade crossings, and the nature foundations which, the 
majority the older roads, little authentic information now exists. 
There are also the further items, usually unprovided for elsewhere, 
cost acquiring lands; the expense organizing maintenance and 
operating forces pending the commencement regular operation and 


expenditures for engineering, inspection, and “breaking in” rolling 
stock. 


General the words the Chairman the 
Public Service Commission New York the Rochester, Corning, 
Elmira Traction Company decision: 


“When the amount the actual cost the physical construction 
the proposed road has been determined are still far from having 
determined the amount capitalization which should allowed. 
There are many elements cost attendant upon bringing into exist- 
ence new railroad additional the cost mere physical con- 
struction. Some these elements may enumerated follows: 
(1) expense organization, (2) incorporation tax, (3) expense 
obtaining certificate public convenience and necessity, (4) pre- 
liminary engineering expenses, (5) expense procuring the authoriza- 
tion issue stock and bonds, (6) expense marketing the securi- 
ties, (7) discount upon the bonds provided they cannot sold par, 
(8) interest upon the bond issue during the period construction and 
prior the beginning operations, (9) compensation officers 
the road during the construction period, (10) incidental expenses dur- 
ing construction period, (11) expense obtaining local franchises 
and consents. 

* * * * * 


“Another subject great interest and importance 
pensation, any, which the promoters the enterprise should 
entitled for their services. Promotion has been extensively abused 
and has been universally used cover for abuses capitaliza- 
tion that has come regarded term reproach and 
device work schemes robbery upon the investing public. 
reason apparent why this should necessarily so. honest 
services capable promoter are indispensable the flotation 
every comprehensive and far-reaching scheme development the 
railroad world, elsewhere. clear vision see opportunities, ability 
demonstrate them others, and energy push completion works. 
untried but great moment, are indispensable material develop- 
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ment and should fairly and even liberally rewarded the public 
which receives the benefit those works. Such rewards, however, 
should put upon clear basis business principle, should 
sufficient magnitude encourage rather than discourage enterprise, 
and should not great make exorbitant demand which 
perpetual its nature, upon the community served. They are 
treated simply just payments for services performed for the 
corporation, which services are valuable and many cases even indis- 
pensable. Such services should paid for upon the basis what 


they are fairly worth, having regard all the the 


“These observations are elementary that further elaboration 
the principle involved should not necessary. 
The Interstate Commerce Commission classification expendi- 


tures for road and equipment provides for the charging general 
expenditures the following accounts: 


Expenses; 
and Printing; 
45—Insurance; 

47—Interest and Commissions; 
48—Other Expenditures. 


has been usual the valuation public utilities fix arbi- 
trarily percentage the total cost cover these items, but seems 
possible make analysis these charges and thereby reach result 
that may said have logical basis. 

Law expenses, stationery and printing, and insurance may esti- 
mated taking the aggregate annual current expenses for these items 
given railroad and making suitable allowance for the additional 
expense that would probable under the conditions construction, 
compared with normal operation, for one-half the adopted total 
period construction from the inception the final completion 
the enterprise. 

Taxes during the constructive period may taken the current 
annual amount for one-half the period extending from the date 
commencement right-of-way purchases the time commence- 
ment operation. 

Discount bonds many not considered properly charge- 
able cost construction, the theory that pure discount equiva- 
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lent adjustment the interest rate current market conditions. 
banker’s commission for the sale securities, however, should 
included. Payment for the services those undertaking the sale 
stocks and bonds seems just legitimate and necessary com- 
pensation for other services incident the carrying out the project. 

“Other expenditures” may obtained taking the current annual 
cost salaries and expenses general officers and clerks for one-half 
period extending from the commencement right-of-way pur- 
chases the commencement operation. addition this there 
would the further payment properly due those who, through 
initiative, originality, ability, and assumption responsibility final 
would give life the enterprise. The propriety making 
this allowance well expressed the above-quoted opinion the 
Chairman the Public Service Commission the State New York. 


generally conceded that interest money during construc- 
tion much element arriving the cost the reproduction 
railroad expenditures for any other purpose achieving the 
same result. Payments for the use money are principle not 
different from payments for labor, materials, right way. 
During the process construction new enterprise there 
fund which the company can draw for interest payments, except 
interest-bearing borrowings supplemented such net earnings 
may result from operation during that time; and hence the capital 
raised must sufficiently large cover all items cost, including 
interest upon itself, and “interest the interest,” the point 
final completion the road running order. 

Methods Calculating Interest—Although the propriety in- 
cluding interest money during construction element cost 
thus recognized, the tendency has been greatly under-estimate 
the amount. 

has been customary take the estimated cost the adopted rate 
interest for one-half the assumed period construction. This 
treatment the theory that the expenditures will increase 
constant ratio straight line, from nothing the beginning the 
full amount the end the constructional period; that money ad- 
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vanced the company non-interest-bearing until actually disbursed; 
and that paid the interest payments. 

analysis the conditions that actually obtain the building 
large railroad shows that the usual method calculating interest 
charges yields result very much lower than would actually occur 
reproduction the system, for the following reasons: 


not increase constant ratio. the 
preliminary stage the rate expenditures small. Then there fol- 
lows marked rise because heavy right-of-way payments, followed 
somewhat decreasing rate. Finally, the rate again increases 
reason large payments for equipment. The usual result much 
larger volume expenditures the early stages the work than ap- 
pears from the use the straight-line method. 

2d.—The securing capital basis that will assure its delivery 
exactly needed for disbursement. during the progress the work 
not practicable. Stringency the money market other unfore- 
seen contingencies make imperative the possession the company 
ample funds bridge over temporary crises, even when the funds are 
supplied through banking houses unquestioned strength. 
the entire amount must taken the time financing, the capi- 
tal must paid annual installments advance. either case the 
unused surplus over current needs loanable rates materially less 
than those paid the company, the effect which addition 
the burden interest charges during construction. 

charges must paid from the capital, which itself 
interest-bearing, and therefore not proper that interest the 
interest should omitted from the calculation this item cost. 


Summarizing, the ordinary method calculating interest charges 
usually produces amount that reason the failure 
take into consideration the heavy right-of-way expenditures the 
early stages the work; reason the neglect include interest 
unused money awaiting active use; and reason the omis- 
sion interest interest. 

Rates rate interest paid the money invested 
has been usually taken 6%, the theory that the enterprise would 
financed one-half bonds bearing and one-half stock en- 
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Many examples can 
quoted show that this rate conservative. 


The rate received balances placed time loans may taken 
from 6%, and call loans from per cent. 

Construction.—The assumed periods inception, right-of- 
way purchases, active construction, and traffic development should 
based conditions found the particular railroad under 
tion. complicated system, the time required for the acquisition 
right way and for the construction. the more difficult lines should 
govern, and the assumed date commencement active work the 
less important lines and branches should advanced that sufficient 
time only will remain for their completion when needed for the initial 
operation the system whole. Industrial spurs well equip- 
ment may assumed supplied during the final stage when traffic 
being gradually induced. treating the subject this manner 
the building the various sections and the delivery equipment will 
co-ordinated with view completion only needed, and the 
undue expenditure interest inactive capital thereby will 

Graphical assist determining the lengths the 
different stages, and ascertaining aggregate capital requirements 
and net interest payments the work assumed progress, graphical 
analyses will found make this important subject clear and con- 

Earnings During the theory that the 
full eurrent net operating income railroad will realized the 
end the last stage construction, is, course, proper that the 
capital invested should credited with the net earnings enjoyed during 
that stage. These may taken the full current net earnings 
the company for length time equivalent one-half the educa- 
tional and development period, except roads where losses instead 
profits may fairly estimated for the dévelopment period. the 
latter instances would seem proper consider the net losses 
legitimate charges the cost creating the enterprise. 


That working capital absolutely necessary for the proper running 
of. railroad well shown the following extract from the opinion 
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the Chairman the Public Service Commission New York, 
the Rochester, Corning, Elmira Traction Company case: 


“In addition the foregoing matters, there should provided 
upon the commencement operation fair and reasonable amount 
working capital. The operation the company can continued 
with far greater efficiency, more the satisfaction the public, and 
with better results the stockholders, has all times its 
treasury working capital sufficient and adequate meet the re- 
quirements the road. Experience has demonstrated this many 


times that insistence upon elaborate demonstration its truth 
not required this time.” 


Working capital represents money permanently non-productive ex- 
through earnings derived from the transportation passengers 
and freight. includes cash held readiness for the prompt pay- 
ment pay-rolls and vouchers, money tied bills receivable, and 


money invested “stock hand.” The average amount may 


ascertained from study the annual report the railroad company. 


DEPRECIATION. 


Depreciation, modified the appreciation those parts that im- 
prove with time, should based actual conditions and suit- 
ability for continued use. rule, several types depreciable and 
appreciable property will found railroad. 

Bridges, Buildings, like bridges 
fundamentally sound and good for indefinite continuing life, may 
have their depreciation measured the estimated expenditures re- 
quired put them 100% condition. Generally speaking, obsolescence 
such believed too speculative for consideration. 

items, like rails, are good for indefinite con- 
tinuing life, during the early stages which there gradual dimin- 
ishment value followed for many years fixed values. Rails usually 
pass through several stages before they are unfit for further use 
track. First, they are utilized the more important lines until their 
condition such make them unfit for high-speed passen- 
ger service. Then they are transferred lines minor traffic, 
sidings and yards, where they may remain for indefinite period. 
Manifestly, improper attempt measure their depreciation 
arbitrary mortality basis, some instances the character the 
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traffic may wear out the rail one-half one-third 
the assumed ultimate life, and other the traffic 
light permit the retention the rail service for possibly twice 
the assumed ultimate life. Therefore the depreciation the rail 
each instance must judged its actual condition and the’ kind 
that bears. Commercially considered, there are three classes 
rail: new, relayer, and scrap. Between the first two there grad- 
ually decreasing range value from the new the relayer price, the 
difference between them being spreadable over the average period during 
which may assumed that the rail will suitable for the higher 
classes service. Further depreciation below relayer value will de- 
pend entirely actual conditions the material the point 
where removable scrap. 

Ties and Timber Trestles.—In number cases experience has 
shown that fairly definite life may determined. Ties, for instance, 
from study the renewal records each company, will found 
have average life, and the average percentage depreciation all 
the ties track will depend the time year when the observations 
are made. Timber trestles found have average lives, depend- 
ing the kind material which they are constructed and their 
location and purpose. some instances the trestle may made 
good new the replacement few the more perishable parts 
the structure, and other cases entire renewal will required. 
Between these limits, depreciation should measured the proportion 
the total life the structure that has expired. 

Equipment and Machinery.—With rolling stock, floating equipment, 
and shop machinery and tools, obsolescence well decrepitude should 
taken into account, past experience has proven that there 
well-defined period economical life beyond which continued use 
wasteful unproductive. treating this class depreciation, more 
than ordinary experience and judgment are required, because the 
fact that the character up-keep dependent the economical life 
the item that under consideration. Therefore rarely possible 
adopt any fixed rule that will applicable under all conditions. 

Graduation and the course time 
undergo solidification following impact rolling stock and the action 
the elements. This seasoning results appreciation that may 
gauged the estimated cost obtaining practically the same desir- 
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the time the construction the road. This cost 
will depend the availability water for consolidating purposes, the 
nature and quantity material, and the degree which the act 
solidification will interfere with the ordinary manner which the 
embankments would built. 

Excavations new railroad are known give much trouble from 
slides and filling ditches, entailing constant labor, often with the 
use work trains, until the surfaces the cuts adapt themselves. 
conditions, or, other words, become seasoned. the case em- 
bankments possible measure appreciation the equivalent 
compacting them artificially, but not easy fix definitely the 
value appreciation excavations; however, close approximation 
may made estimating the cost work train and other service for 
assumed period time, taking into account, course, depths 
cuts, their age, and the nature the material. 

Where slopes for fills and cuts the course time have become 
grassed otherwise covered with vegetation which protects the surface, 
allowance for appreciation may made the basis the cost the 
adding these items the course construction. 

For considerable period after tracks are first ballasted, more less 
trouble and expense are involved preserving line and surface, par- 
during periods wet and due the working 
the ballast into the roadbed, the filling interstices from beneath, 
and the fact that the ties have not become solidly embedded the 
ballast. consequence these conditions, extra labor required 
constantly, readjust the track, and there absence the smooth 
riding trains which essential fast passenger service and 
the minimizing repairs track and equipment. time goes on, 
the track raised new ballast, maintain its original 
height, and the original ballast pressed settled downward into the 
roadbed, where remains firm; semi-porous substratum blanket 
protect and overlying newer ballast. This newer ballast 
the visible portion which appears above the top the shoulders 
the embankment and usually measured and estimated 
The older concealed ballast incorporated the and 
though not measured and estimated such, its value reflected 
the appreciated worth the part measured and estimated. 
Experiments have shown that thickness in. beneath the bottom 
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the ties necessary distribute the weights rolling stock properly, 
measured the cost the concealed portion maximum depth 
below the less the cost the material 
thereby ballast dirty and requires cleaning, 
the approximate cost forking over otherwise cleaning may 
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With the general principles settled are govern the work, 
the organization the valuation corps next commands attention. View- 
ing the problem the same guides the actual creation 
going railroad, that the mental attitude the leading 
members the corps must harmony with the practices that 
obtain the inception, construction, and initial operation the 
enterprise. Consequently, they must men broad experience 
their respective fields, capable adjusting and prices con- 
ditions they find them each particular instance. Mere inventory- 
ing, without the detail and constant supervision experienced en- 
gineers, will produce results which will easily attackable court. 

word, the problem one that calls for high order engineer- 
ing skill both rank and file, that the outcome may reflect all the 
processes which have bearing the final cost live railroad. 

Valuation Road than subdivide the work under 
number engineers having charge separate subjects, such 
grading, bridging, and track, the writer believes that territorial divisions 
districts should established, each charge engineer capable 
viewing his assigned territory whole, and personally passing 
the value and condition all items the light their relations 
each other, except which will require the advice special 
experts. addition, may said that territorial valuation has the 
merit readily lending itself the segregation results that they 
may made available for variety purposes, as, for instance, esti- 
mating the cost per ton transporting commodities from various 
originating points destination, and verifying values used vari- 
ous taxing districts. 


Although engineers with and ability handling the 


the Chairman the Service Commission New York, 


the Rochester, Corning, Elmira Traction Company 


“In addition the foregoing matters, there should provided 
upon the commencement operation fair and reasonable amount 
working capital. The operation the company can continued 
with far greater more the satisfaction the public, and 
with better results the stockholders, 
treasury working capital suffi 


has all times its 
and adequate meet the re- 


quirements the road. Experience has demonstrated this many 
times that insistence upon elaborate demonstration its truth 
not required this time.” 
Working capital represents money permanently non-productive ex- 
through earnings derived from the transportation passengers 
and freight. cash readiness for the prompt pay- 
ment pay-rolls and vouchers, money tied bills and 
money invested “stock hand.” The average amount may 
ascertained from study the report the railroad company. 
DEPRECIATION, 
Depreciation, modified the appreciation those parts that im- 
prove with time, should based actual conditions and 
ability for use. rule, several depreciable and 
appreciable property will found railroad. 
Bridges, Buildings, etc. Structures like bridges and buildings, ' 
fundamentally sound and good for indefinite continuing life, mav 
have their depreciation measured estimated 
quired put them 100% condition. Generally speaking, obsolescence 
such believed too speculative for consideration. 


items, like rails, are good for indefinite 
tinuing life, during the early stages which there gradual dimin- 
ishment value followed for many years fixed values. Rails usually 
before they are unfit for further use 


First, they are utilized the more important lines until their 


pass through several stages 


track. 


condition such make them unfit for high-speed passen- 


ger service. Then they are transferred lines minor 
sidings and yards, where they may remain for indefinite period. 


Manifestly, improper attempt measure their depreciation 


arbitrary mortality basis, some instances the character the 
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may such wear out the rail one-half one-third 
the assumed ultimate life, and other cases the traffic may 
light permit the retention the rail service for possibly twice 
the assumed ultimate life. Therefore the depreciation the rail 
each instance must judged its actual and the kind 


traflie that it bears. Commercially considered, there are three classes 


rail: new, relayer, and serap. Between the first two there grad- 
ually decreasing range value from the new the relayer price, the 
ditference between them being spreadable over the average period during 
which may assumed that the rail will suitable for the higher 
classes Further depreciation below relayer value will de- 
pend entirely actual conditions the material approaches the point 
where removable serap. 
Ties and Timber number cases experience has 
shown that fairly definite life may determined. for instance, 
from study the renewal records each company, will found 
have average life, and the average percentage depreciation all 
the ties track will depend the time year when the observations 
are made. Timber trestles will found have average lives, depend- 
ing the kind material which they are constructed and their 
location and purpose. some instances the trestle may made 
good new the replacement few the more perishable parts 
the structure, and other cases entire renewal will required. 


Between these limits, depreciation should measured the proportion 
the total life the structure that has expired. 

Equipment and Machinery.—With rolling stock, floating equipment, 
and shop machinery and tools, obsolescence well decrepitude should 
taken into account, past experience has proven that there 
well-defined period life beyond which continued use 
wasteful unproductive. treating this class depreciation, more 
than ordinary experience and judgment are required, the 
fact that the character up-keep dependent the life 
the item that under consideration. Therefore rarely possible 
adopt any fixed rule that will applicable under all conditions. 

Graduation and the time 
undergo solidification following impact rolling and the action 


the elements. This seasoning results appreciation that may 


gauged the estimated cost obtaining practically the same desir- 
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able condition the time the construction the road. This cost 


will depend the availability water for consolidating purposes, the 


nature and quantity material, and the degree which the act 


solidification will interfere with the ordinary manner which the 
embankments would built. 


Excavations new railroad are known give much trouble from 
slides and filling ditches, entailing constant labor, often with the 
use work trains, until the surfaces the cuts adapt themselves 


conditions, or, other words, become seasoned. the em- 


bankments possible measure appreciation the equivalent cost 
compacting them artificially, but not easy fix definitely the 
value appreciation however, close approximation 
may made estimating the cost work train and other service for 
assumed period time, taking’ into account, course, depths 
their age, and the nature the material. 

Where slopes for fills and the course time have become 
grassed otherwise covered with vegetation which protects the surface, 
allowance for appreciation may made the basis the cost the 
adding these items the course construction. 


For considerable period after tracks are first ballasted, more less 


trouble and expense are involved preserving line and surface, par- 


ticularly during periods wet and frost. This due the working 


the ballast into the roadbed, the filling interstices from beneath, 
and the fact that the ties have not become solidly embedded the 


ballast. these conditions, extra labor required 


constantly, readjust the track, and there absence the smooth 


riding trains which essential fast passenger service and 


the minimizing repairs track and equipment. time goes on, 


the track raised new ballast, maintain its original 


height, and the original ballast pressed settled downward into the 
roadbed, where remains firm, semi-porous substratum blanket 


protect and sustain the overlying newer ballast. This newer ballast 


is the visible portion which appears above the top of the shoulders of 


the embankment and usuaily measured and estimated 


The older or concealed ballast 


the roadbed, and 
though not 


measured and estimated such, its value 


the appreciated worth the part that measured and estimated. 


Experiments have shown that thickness in. beneath the bottom 
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the ties necessary distribute the weights rolling stock properly, 
and therefore appreciation ballast may considered 
measured the cost the concealed portion maximum depth 
in. below the bottom the tie, less the the roadbed material 
thereby replaced. course, ballast dirty and requires cleaning, 
the approximate cost forking over otherwise cleaning may 


deducted from the appreciation arrived above. 


ORGANIZATION VALUATION 


With the general principles settled which are govern the work, 
the organization the valuation corps next commands attention. View- 
ing the problem the same spirit that guides the actual creation 
going railroad, evident that the mental attitude the leading 
members the corps must harmony with the practices that 
obtain the inception, construction, and initial operation the 


enterprise. Consequentiy, they must men broad experience 


their respective fields, capable adjusting rules and prices con- 


ditions they find them each particular instanee. Mere 
ing, without the detail and constant supervision experienced en- 
gineers, will produce results will easily attackable court. 
word, the problem one that ealls for high order engineer- 


ing skill both rank and file, that the may reflect all the 
processes which have bearing the final cost live railroad. 

Valuation Road than subdivide the work under 
number engineers having charge separate subjects, such 
grading, bridging, and track, the writer believes that territorial divisions 
or districts should be established, each in charge of an engineer eapable 
viewing his assigned territory whole, and personally passing 
the value and all items the light their 
to each other, except those on which he will require the advice of special 
experts. addition, may said that territorial valuation has the 
merit readily lending itself the segregation results that they 
may made available for variety purposes, as, for instance, esti- 
mating the cost per ton transporting commodities from various 
originating points destination, and verifying values used vari- 
ous taxing districts. 


Although engineers with experience and ability handling the 
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work thus outlined could personally pass the majority the 
items entering into way and structures, there are several features re- 
quiring the attention special experts. 

These consist right way and real estate, interlocking and 
signals, and shop machinery and tools. addition, the engineer 
charge each district will times need advice other specialties, as, 
for instance, heating, lighting, and power plants shops and engine- 
houses, and important unusual structures. 

Valuation Lands.—The right-of-way and real estate expert should 
man wide experience the land for railroad pur- 
poses, having also intimate knowledge railroad land values 
the section which located. should expected ascertain 
the current values neighboring lands means measuring 
the value the railroad properties, make inquiries local real estate 
agents and others familiar with the subject, and, finally fixing values, 
take into account the factor each case that experience has taught 
should used multiplier connection with railroad purchases. 

believed that this method ascertaining the reproductive 
right way and real estate, through the central one 
having this comprehensive knowledge the values land purchased 
and used for railroad purposes, will avoid the and errors 
which are common where the work entrusted multitude 
men unversed the broader aspects the problem. 

Valuation stock and floating equipment, 
defined the Interstate Commerce Commission, should each placed 
charge engineer standing his specialty. Each locomotive, 
car, and boat need not viewed personally the appraiser, but 
sufficient number each class type may inspected fix their 
value and condition. 

Forms and Tables—The adoption forms which observations 
are recorded and results compiled, is, course, important step 
the work. The forms should inter-connected such way that 
will easy trace backward from compiled results the parent 
underlying data, and they should avoid generalizations which cannot 
substantiated facts recorded detail the ground. 

Tables and diagrams are also value facilitating field and office 


quantities, and check arithmetical work. 
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CONCLUSION. 


conclusion, may said that the cost reproduction new 
appears the only measure physical value that places all rail- 
roads the same plane, and the only one that provides for the in- 
clusion every element cost that enters into the creation 
going railroad. applied, will give due weight the 
duplication lands, wider exactly the same conditions are known 
prevail actual practice; will provide for the inventorying and 
pricing measurable items such manner recognize their 
correlation and the varying conditions that surround them; 
will recognize the propriety adequate charges for overhead costs, 
including engineering, contingencies, general expenditures, and pay- 
ments for the use money during construction, all which are 
essential the assemblage and endowing with life the component 
parts the system; will take into consideration net gains losses 
during the final development stage reproduction; and will not 
forget that working capital necessary the succe 
prise other capital charges. The fulfilling these conditions 


for engineering skill and experience the highest class, not alone 


the enter- 


fields, but also the broader domains administration, 
finance, and operation. 

valuation thus embracing every item cost that enters 
into the facilities full running order, equipped, 
manned, and trained for the same character service that they are 
now performing, may said include many the intangible ele- 
ments going value which are difficult, not impossible, measure 
any other manner. There are, however, other elements value, 
such productivity and operating effectiveness, that cannot 
measured this manner, and therefore are beyond the scope this 
paper. 

Whether not physical depreciation should deducted from the 


cost reproduction new, may said depend the purpose the 


valuation. its intent the ascertainment price paid 


purchaser whom transferred the owner’s liability regards 
future renewals and replacements, then, beyond question, depreciation 
should deducted; but, the amount invested the point 
issue, depreciation, being element operating cost and not 


wastage capital, should not deducted. 
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IRRIGATION AND RIVER CONTROL 
THE 
COLORADO RIVER DELTA. 


River, and who measure realize its and unmanageable 
character, Mr. Cory’s account control work the Delta rendered 
doubly interesting that which the reader may find between the 
lines. For, proportion the work was difficult, original methods 
adopted, and spectacular its accomplishment, Mr. Cory’s account 
unassuming, matter fact, and quietly scientific. the errors 
made various agencies that some way touched the reclamation 
of the Delta, he is most ancritical, 

observer events along the Colorado from 1905 1912 could 
not but impressed the the Southern Pacifie Rail- 
road organization, with its ready and varied resources, its personnel, 
and its esprit corps, dealing with the situation. Not the least 
factors suecessful were the and friendly rela- 
tions that existed between Mr. Epes Randolph, Mr. Cory, and others 
the management, and the motley crew Americans, and 
Indians whose and loyal support they commanded 
remarkable degree. 

the colossal and urgent nature the task, the adverse weather 
conditions, the experimental character the work, the conflicting 
received from influential sources, the diplomatic complications 
with and the financial entanglements incident the under- 
taking, Mr. Cory’s own account sufficient evidence. 

* Continued from April, 1913, Proceedings. 

Director, Agricultural Experiment Station, Univ. Arizona, Tucson, Ariz. 
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Dr. William Blake’s account the region, written shortly 
before his death, relates the discovery 1853 San Pass, 
through which the Southern Pacifie Railroad was built about twenty- 
five years later, and describes the descent his party into the old 
lake bed, below the level the sea. 

also outlines the topography and geology the region, describ- 
ing the lacustrine deposits, the fossils, the salt beds, the mud 
and some extent the vegetation the basin. points out the 
manner which the sediments the Colorado, the tides, and rising 
land levels finally cut off portion the ancient Gulf California, 
and the old lake Cahuilla thus formed, with its beach lines 
and its fluctuations level the river flowed one the other side 
its delta. even relates the Indian traditions the former ex- 
istence this lake. 

Most interesting, however, are Dr. Blake’s quotations 
reports the War Department 1855, which points out the 
fertility the soil, and the possibility irrigating the region 
canal from the Colorado. even states the danger overflow through 
such and the refilling the ancient lake. The following words, 
quoted from the old report, have prophetic value: 


“From the preceding facts [relating soils and vegetation] 
becomes evident that the alluvial soil the Desert capable sus- 
taining vigorous vegetation.’ “Tf supply water could 
obtained for irrigation, probable that the greater part the 
Desert could made yield crops almost any kind. During the 
seasons high water, the overflows the Colorado, there would 
little irrigating large areas the vicinity New River 
and the lagoons. deepening the channel New River, cutting 
low that the water the Colorado would enter all seasons 
the year, constant supply could furnished the interior por- 
tions the Desert. is, indeed, serious question whether canal 
would not cause the overflow vast surface and refill, certain 
extent, the dry valley the Ancient Lake.” 


Nothing wanting here but suggestion for the control the 
river, detailed Mr. Cory’s paper. 

remarkable that man his early twenties, inexperienced 
irrigation, and traveling for the first time through desert country, 
should have estimated the possibilities liabilities 
Salton Basin, fifty years before the development the region. 
seems until recently, Professor Blake’s was not only the first, 
but the clearest, general conception conditions the Delta. Others 
have promoted the irrigation the Basin, and some have realized 
the possibility break-way; but, until 1905, additions 
edge the region were mostly supplementary Professor Blake’s 
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one may look for useful suggestions this connection, attention 
may called the necessity for co-ordinated study, the proper 
agencies, our great physical problems, such the utilization 
great river, and the proper control all times operations affecting 
the final solution such problem. The method 
handling river improvements from the governmental side, admittedly 
desultory and wasteful; and feared that scientific agencies 
engaged the study these same problems, rule, are not well 
may that the Colorado has drawn attention 
these facts, with corresponding advantages come. The Newlands 
River Regulation Bill, now before Congress, will make possible com- 
prehensive study and development the Colorado River whole, for 
storage, power, and irrigation; and the Carnegie Institution, the 
purely side, soon publish collection papers 
relating the Delta region, among which will appear Professor Blake’s 
complete paper. 


Mr. Cory’s paper, well several the thereon, with 
great interest, but forced view radically different from that 
Mr. Sellew regarding the propriety advisability 
such engineering paper much collateral matter legal, financial, 
and (he might have added) political character. 

Mr. Sellew says: 


“The record the operations incident the return the river 
its former channel extremely complete, although partly obscured 
mass legal and financial entanglements which properly have 
place purely engineering article.” 

While necessarily taken longer time the relating 
than the casual reader, quest purely technical knowledge, may have 
desired, one the principal features interest and value the 
writer Mr. Cory’s paper the portrayal the desperate 
odds which engineering talent and effort are often forced meet, 
result long-range financial management, clogging legal compli- 
cations, and the blind, selfish play the game. 

Engineering work now controlled forces far beyond the laws 
talents properly entitle him, the engineer must learn something 
these forces. 

the writer’s opinion, Mr. Cory commended rather than 
criticised for devoting much attention the conditions question, 
for has certainly thrown light some dark places, and has shown 
how vital for engineers consider, their planning, the laws 
and habits men and money, well the laws Nature. 


Mr. 
Forbes. 


Mr. 
Buck. 
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The Lower Colorado not merely problem yesterday, present- 
ing vague general moral. vital problem to-day and to- 

will probably take place alongside 
the Lower Mississippi River another engineering dragging 


morrow and years come. 


out long, weary, and costly existence result Government 
incompetence and political selfishness. 

course, Mr. Cory’s paper can affect but little the thus far 
meager results mighty efforts control the Colorado, but should 
have marked effect future efforts, reasonable amount intelli- 
gence direct these efforts. 


Mr. Sellew’s apparent views were shared the Publication 


Committee, would have papers such those water laws and 
valuation utilities. The importance these and similar 
collateral subjects, the writer feels, growing more and more 
appreciated from the engineering point view. 
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Discussion.* 


does not carry much larger flow during heavy rains than dry 
weather exception, and, the maximum flow must provided 
for the design, important that information regarding leakage 
should state the weather conditions. Probably most the data 
systems use are based the difference between the storm 
and that dry periods. There danger, however, obtaining mis- 
leading figures from observations leakage new sewers, sewers 
without connections, when the ground-water comparatively low, for 
they may show nothing more than the quantity water which can 
make its way through the soil the sewer. This should borne 
comparing gaugings leakage the same sewer different 
dates. 

Under average conditions, few sewers are built which fail per- 
mit the ground-water fast can get them, except 
during heavy rain. This demonstrated the that water 
seldom encountered making connections public sewers; 
also shown the usual great increase leakage coincident with storm 
conditions. 

the tightness the work, rather than the imperviousness 
the soil, the controlling factor the quantity leakage, the 
size the sewer evidently makes difference. this seldom 
the not strange that there has been great estab- 
lishing any relation between diameter and leakage. 


Continued from March, Proceedings. 
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The writer has become convinced, much against his will, that, 
the average location, with the ordinary method making cement 
joints pipe sewers, even with the most thorough supervision and 
inspection, the ground-water level immediately along the line 
the sewer invariably. lowered the level the pipe, sloping upward 
from gradient depending the porosity the soil, the surface 
topography, and other conditions. Under these the 
original height the ground-water enters into the problem leakage 
only affects the flow toward the sewer. 

seldom possible determine without great effort the actual 
head sewer under working conditions. The writer believes that 
data were limited observations time heavy storm, when the 
tightness the sewer really put test, something more remotely 
suggestive relation between size and leakage than has yet been 
produced, might result, although the surreptitious connection roof 
drains, the inflow manholes, and other possible means for the en- 
trance surface water, render this one the most difficult subjects 
which obtain reliable 

the consideration disposal plant design, necessary 
have mind both the ordinary infiltration, which function soil 
and ground-water conditions, and the leakage time storm, which 
governed more directly the tightness the construction. The 
one will cause continuous flow, usually small consequence, and the 
other occasional heavy discharge which may overtax the capacity 
piping, weirs, etc., and perhaps derange seriously the operation tanks 
and filters. the writer’s views are correct, course entirely 
fruitless attempt reduce normal infiltration terms diameter 
pipe; but should possible, already suggested, establish 
some general relation which would value estimating the 
maximum leakage during storm periods. 


tion contributed result this timely paper most interesting; 
and, the hope that may give the author material which will 
use his closing the writer submits some observations 
made him recently Ocean Grove, South Asbury Park 
Neptune Township, the eastern part which, known Ocean 
Grove, owned the Camp Meeting Association. West this are 
West Grove and Bradley Park, the greater part which are included 
what known “Sewer District No. About year after the 
construction the sewerage system, the writer was retained design 
sewage disposal works. The infiltration was important factor 
that number observations were made the effort determine 
it, and though the results are discordant one two particulars, 
thought that this due chiefly the impossibility determining 
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accurately the sewage flow distinguished from the infiltration flow, 
other than estimate based the houses sewered; there also 
the great probability that one portion the system badly blocked 
sand, will noted later. 

The system divided into two parts, joining pumping sta- 
tion, which being supplanted gravity outfall now under con- 
struction. The lengths and sizes the sewers are shown Table 


TABLE 
north sout entire 
Item. section, section, system, Remarks. 
feet. feet. feet. 
terra cotta sewer 525 400 925 System built, 1909-1911. 
Brick 108 sandy loam. 


will noted that the number linear feet joint the total 
length the 10, and 12-in. pipes, both the north and south 
sections the system, corresponds closely the number linear 
feet joint equal length pipe, that, for all practical 
purposes, the system may considered consisting the following: 


North 3.25 miles 8-in. pipe. 


The sewers are laid soil consisting partly sandy loam and 
partly sandy clayey sand, underlaid gravel, and times 
there may head from ft. water the pipes the 
lower end the system, and from ft. the upper end. The 
pipes are 3-ft. lengths, with the ordinary cement joint, and have 
slant lateral each side about every ft. They were probably 
laid with only very ordinary care, and about the manholes were 
not brought quite street grade, being from in. too low, 
and them still have temporary wooden covers. Some the 
manholes were very leaky, and two them had powerful jets water 
shooting through the sides. 

nearly could ascertained, the infiltration times was 
approximately 900000 gal. per day, and the house sewage, with the 
few connections yet made the system, amounts about 
gal. per day, divided fairly equally between the two sections. sewage 
ejector which was placed the pumping station has been discontin- 
ued, and, during construction, temporary pumping plant 
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erected. From the records this plant the following details have been 
obtained. The rainfall data are given Table and show what 


all-important factor the precipitation. 


TABLE AVERAGES PRECIPITATION. 


| Greatest in | Total snow 
| 


Table shows the infiltration the entire system, dry time, 


before any attempt had been made diminish the ground-water flow 
into the pipes. 


TABLE Entire System Repairs, 


Infiltration, 
Approxi- Infiltration, in gallons 
Precipita- mate gallons per day per 
per day. sewer. per mile 
1912 sewer. 
Jaly 90..... ae 7 112 000 62 000 6 526 816 
ee 1.21 8.30 146 600 86 000 9 062 1131 
17 272 000 222 000 23 368 2 921 
oa 14.40 235 000 | 186 000 19 473 2 434 
> ae 10.3 168 000 } 118 000 12 421 } 1 562 
, ri 8 128 000 78 000 8 210 1 ORB 
ES oes 8.30 136 000 86 000 9 052 1 131 
Oe 0.05 8.30 136 000 86 000 9 052 1 131 
0.01 8 128 000 78 000 8 210 1 028 
8 128 000 78 000 8 210 | 1 (28 
ee Trace 8.15 132 000 &2 000 8 6382 1 079 


Table shows the results after the tops manholes had been 
raised, and the leaky ones had been made tight. 

the time the repairs were made, the south section was dis- 
connected, and Table gives the infiltration the north section alone. 

The much higher infiltration per mile the north section may 
due the fact that large part the south section territory 
which not built up, and there reason believe that great many 
stoppages are caused sand which washed the manholes (the 


i 
| | 
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tops being below the grade the streets), thus blocking off the 
escape the ground-water through the sewers. 

Then, too, the outlet the north section about ft. lower than 
that the south section, and under greater head water. part 
the north section, also, runs through filled-in land which was for- 
merly swamp. 


this. 


Infiltration, 
1912. sewer. 
Sept. 20.. 0.01 4.35 73 300 23 300 2 452 306 
.. Trace. 5.10 2 650 82 000 | 3 368 | 421 
24.. 0.76 6.50 109 300 59 300 6 242 730 
25... 1.42 7.10 114 600 64 600 | 6 800 850 
26.. —— 7.30 120 000 70 000 7 368 | 921 
Trace. 6.20 101 300 300 400 675 


will noted that the infiltration shown Table was for 
somewhat drier time than that Table 11. 


Infiltration, 
-recipita | mate | In gallons | per day per 
per day. sewer. per mile of 
1912 | sewer. 
10. 4.45 000 000 461 808 
0.76 5.0 000 000 930 
13......] 4.30 | 73 300 48 300 14 861 1 867 
eee | 4.40 | 74 600 49 600 15 261 1 907 
| ene 4.45 72 000 47 000 14 461 1 808 


obvious that there cannot more infiltration the north 
section than the entire system; which shows that the estimated 
sewage flow open suspicion, and, all likelihood, not properly 
proportioned between the two sections. The fact that the total pump- 
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age only fell off from 72000 when two-thirds the system 
was cut out, showed, however, the general correctness the higher 
infiltration figures the north section. 

The latter part October was wet, and the flows shown Table 
clearly demonstrate the effect the rise the ground-water 
winter. 


Infiltration, 


Infiltration gallons 

inches. pumping. Pumped. per mile 

mile 
1912. | | sewer. 
we met 8.10 | 130600 105 600 | 82 492 | 4 061 
~ Pe. 0.26 | 9. 144 000 119 000 86 615 4577 
ae 0.57 7.30 | 120000 95 000 29 230 3 654 
| 9.30 152 000 127 000 89 077 4 760 
| 9.30 152000 | 127 000 | 39 077 760 
8. 128 000 103 000 | 31 600 3 950 
* Tad 0.86 } 8.40 138 600 113 600 34 900 | 4 362 
wae oT re 8.45 140 000 115 000 | 35 300 4412 
we Trace. 9.25 150 600 125 600 | 38 600 4 825 
wae 1.05 11.35 | 183 800 160 300 49 300 6 162 
176 000 151 000 46 400 5 800 
11.05 177 300 152 300 800 850 
Ges 1.94 22. 352 000 827 000 100 615 } 12 577 
16. 256) 000 201 000 61 800 | 7725 


first sight appears strange that the 0.86 in. precipitation 
December 24th did not show the sewer flow, but easily 
accounted for, consisted 10-in. fall snow, frozen ground, 
followed the 27th rain, which increased the flow somewhat. 
the 29th there was thaw, and heavy downpour the 30th, 
the result being visible. The cause the increase Decem- 
ber 16th difficult explain. 

Fig. shows graphically the precipitation, and the infiltration, 
gallons per day per mile sewer, and gallons per day per inch 
diameter pipe per mile sewer. 

These units appeal the writer the most convenient and satis- 
factory for general use, although the latter open the serious 
objection that manholes, slants, and laterals are frequently numer- 
ous the smaller sewers the larger ones, and they undoubtedly 
are responsible for much leakage. 
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SUGGESTED IMPROVEMENT BUILDING 
WATER-BOUND MACADAM ROADS. 
Discussion.* 


Artuur Am. Soc. E.—Two properties 
wearing surfaces which require consideration the design pave- 
ments are stability and density. The requisite degree stability and 
density depends part the conditions which the road pave- 
ment subjected. The author has outlined method for se- 
curing certain degree stability and density the construction 
the water-bound macadam road. 

The efficacy the proposed method depends primarily the traftic 
which the road subjected. the consists horse- 
drawn vehicles not exceeding certain number per day, the use 
the type construction should result serviceable road. 
If, however, 
the surface will disintegrate rapidly, the case with macadam 
roads built with wearing surface so-called crusher-run stone 
(passing over screen and through screen), the surface 
which finished with light coat well rolled and 
watered. The difference between the former and the latter the 


many high-speed motor use the highway thus built, 


arrangement the aggregate, rather than its composition, 
seen consideration the following mechanical analysis the 
wearing surface the latter type. 


3roken stone passing screen....... 1.0 per cent. 


Continued from April, 1913, Proceedings. 
Author’s closure. 
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The analysis the author’s wearing surface in. would like- 
wise show certain percentages passing screens from in. in. 
both stone from in. in. diameter will usually consti- 
tute large percentage the top inch the surface. 

The speaker’s investigations and practice have led the 
sion that the most satisfactory type macadam road withstand 
high-speed traffic one having surface broken stone, 
varying from in. in. longest dimensions, which stone has 
been thoroughly rolled and puddled. The attendant the 
use bituminous surfaces macadam roads England and France 
due part the adoption this type construction. Not only 
does the use the large broken stone the surface give stability 
its component integral parts, but simplifies one essential detail 
the construction bituminous surfaces macadam roads, namely, 
the cleaning the macadam surface. 

With the addition bituminous cement, the status the pave- 
ment, one adaptable for use highways subjected 
traffic, changed. The method construction which several 
courses varying sizes stone are used formed the basis many 
the patents covering the construction bituminous concrete pave- 
ments granted the United States Government during the period 
from: 1869 1873. Bituminous pavements this type 
have given excellent results, the United States and also abroad. 
present, several foreign companies, particularly England, are 
using this method construction. The work three these com- 
panies referred the following descriptions: 

The Quarrite-Bitulithic Company London imports 
Scotland plant bituminous-coated broken stone 
the construction bituminous 
method. 


sizes for 
concrete pavements the layer 
The sizes used for the courses are follows: first course, 
chips; second in. stone, varying from in. 
longest dimensions, rolled; third course, thin layer tar-coated 
thoroughly rolled. 

The Company London for many years has been mixing 
broken slag various sizes with bituminous cement its plant 
Wolverhampton, and shipping from there various points England. 
The construction one pavement this type which came under the 
speaker’s observation follows: This road was the main shore 
boulevard Brighton-on-Sea, the south England. 
chips; the bottom layer, composed in. (loose) 
slag, was then rolled; the second course, consisting 
in. 14-in. slag, was next thoroughly the 


i 
q 


WATER-BOUND MACADAM ROADS 1145 


third course, composed in. slag chips, was likewise 
thoroughly rolled; the pavement was finished rolling 
dressing uncoated slag screenings. may interest note 
that section Madeira Drive, this famous shore resort, was 
constructed this manner 1903. Its condition 1910 was ex- 
cellent, and adjoining section water-bound macadam, which was 
treated annually with application tar, rapidly disintegrated before 
the close each season. 

illustration the practice Germany, the work the 
Deutsche Quarrite and Bitulithic-Pflaster-Gesellschaft Berlin may 
1910 this company built bituminous concrete pavement 
Lankwitz, Germany, with the following method: 
5-in. macadam cinder-filled foundation, the first course, consisting 
in. (loose) stone, was spread and rolled; thin coat 
tarred chips was next spread and rolled; the second course consisted 
in. stone, well rolled; the final course was in. tarred 
chips, also thoroughly rolled; the pavement was finished with flush 
coat tar, top which was spread uncoated screenings. 

That the layer method constructing bituminous concrete pave- 
ments England not recent date shown the following de- 
scription published 1898: 


“The hot stone, when ready for mixing, screened into material 
three sizes, 2-in. for the body, 1-in. for the intermediate 


coat, and for the top dressing. The coarsest material used 
layer from in. thick, the intermediate size forms coat 
about in., and the top dressing used the thinnest layer possi- 
ble, with view filling all interstices. Afterward dressing }-in. 
and smaller granite screenings scattered and the 
once allowed the road work this top dressing into the 
tarred material. Each the layers rolled separately with 10-ton 
roller.” 


conclusion, the opinion expressed that, provided bituminous 
cement mixed with the stone for the second and third courses, the 
use the construction embodied this interesting paper 
will produce pavement which, under for which 
suitable, will economical construction and maintenance. 


Mr. Frink the writer wishes state that his method deals primarily 
with the manner placing the different grades stone, assuming that 
the sub-grade condition receive them. agrees with 
Mr. Frink that the preparation the sub-grade, drainage, are 
prime factors the life the road, but these are conditions con- 
trolled locally the engineer charge. 

The writer pleased note that Mr. Sweetser has tried and 
obtained good results this method separating the dust from the 
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and applying them separate layers. Mr. Sweetser says, 
reference building road which will affected less automo- 
bile traffic: “Why not construct once, that will not affected 
The writer not champion “water-bound macadam” 
roads, and realizes that the least durable form stone pavement; 
but, the generally accepted form highway improvement, 
adopted the various counties, due low first cost, believes 
that any improvement this method construction without addi- 
tional cost will 

The writer feels that Mr. Crosby’s failure obtain good results 
this method proportioning the rock was due the fact that 
allowed portion the chips in. size) taken for other 
purposes, thereby failing fill the voids the No. stone. 
tion built with the foregoing proportions rock shows 
practically solid mass. 

Mr. Meem’s suggestion, that frequent sprinkling applica- 
tion oil dust preventive would prolong the life the road, 
good one. This would great benefit, especially during long dry 
periods, but having done this, have departed from the true water- 
bound macadam, and Mr. Sweetser’s query not construct 
manent presents itself. 

Mr. Blanchard’s interesting discussion applies bituminous maca- 
dam rather than water-bound macadam, set forth the paper. 

The writer pleased have obtained the views others this 
simple little change accepted specification, and hopes will 
least have the effect causing others try the change. 
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center discussion, Mr. Hiroi’s brief paper long-time 
tests cement particularly valuable. Such data those presents 
are certainly high importance, and the curves given Mr. 
Figs. and are still more suggestive, especially consideration 
the conditions under which these really startling results have been 
obtained. 

These two sets present such striking contrast between 
the American and foreign cements call for more than passing 
comment. They are peculiar interest the writer tending 
strengthen growing suspicion that American cements lack the in- 
herent soundness found the best those foreign manufacture. 

Some years ago, the writer had occasion make comparison 
between one the best-known the English Portland cements and 
cement made Western Canada, and the course these tests some 
very curious and suggestive results were obtained. striking were 
some these that the writer used them the basis for brief 
article published soon few words, these particular 
tests had with the qualities the coarser particles Portland 
cement—those passing the 100-mesh and remaining the 200-mesh 
screen. 

the cements examined, this material, contrary the commonly 
accepted idea, showed very considerable hydraulic properties; fact, 
briquettes gave tensile strength days 126 for the 
Canadian, and 220 for the English briquettes; days the 


Continued from March, 1913, Proceedings. 
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figures were 215 lb. for the Canadian and 353 lb. for the English 
briquettes. Mr. Spackman, Philadelphia, has suggested the writer 
that part this effect was due fine particles adhering the coarser 


ones, yet admits certain hydraulicity least the superficial part 
the coarse particles themselves. 


Both these cements passed the standard tests successfully, the gain 
strength between and days being lb. each. Both cements, 
neat, stood the accelerated tests successfully; and the Canadian cement 
showed greater strength than the English both and days. 

When the briquettes pats made from this intermediate material— 
that passing the 100-mesh and remaining the 200-mesh screen— 
were subjected the steam test under atmospheric pressure, however, 
the difference results was startling. The accompanying photographs 
these test pats and briquettes (Figs. and make this very clear. 
The English pat and broken briquette remained perfectly hard and 
sound, and those made from the intermediate material the Canadian 


cement quickly broke down. quote from the article previously 
referred to: 


“Standard boiling pats were prepared and placed the same glass 
plate secure perfect identity conditions. account the 
crumbling (noted above) the edges the briquettes niade from the 
intermediate material screened out the Canadian cement, these 
boiling pats were kept moist air hours before boiling insure 
perfectly fair test. 

“The two pats representing the two cements investigated were then 
placed cold water, which was raised the boiling point. Boiling 
was continued for hours, the end which time the condition 
the two pats may seen reference the photograph. 
That pat made from the intermediate material the English cement 
showed deterioration whatever, adhered tightly the glass, and was 
free from any sign cracking. every respect indicated perfect 
soundness. other pat, made from intermediate material screened 
out the sample Canadian cement, showed the first sign breaking 
down minutes after being placed the water, and its integrity 
was completely destroyed two hours and half. Its condition 
most graphically shown the accompanying photograph, which 
seen that eracked and disintegrated such extent that its 
interior granular sandy condition. 

“These results were striking that further boiling experiment 
was made half one the briquettes, the 28-day [Canadian] 
specimen showing tensile strength 215 lb. per square inch. 
This briquette was boiled when was days old. Yet spite its 
comparatively high strength and thorough seasoning and out 
water, broke down completely after about five hours’ boiling, 
shown the photograph. 

“This failure was surprise, there had been visible 
sign deterioration before boiling; yet but short time after the 
water had reached the boiling point the first sign distress appeared.” 
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The writer considered these results highly suggestive. Here are 
two cements, each apparently conforming the standard tests for 
soundness; yet, when one subjected the writer’s test, seen 
contain element weakness, and the other remains sound. The 
Canadian cement seems contain about 20% weight material 
inherently mischievous, but protected such way, under the standard 
tests, remain undiscovered. other words, this Canadian 
cement—and probably great many American cements also—contains 
its coarser particles element weakness which evades discovery 
under the standard tests, but may reasonably expected reveal 
itself the years pass. This strikingly indicated Mr. Davis’ 
curves, and, the case neat cements, the curves presented 
Mr. Honness (Fig. 6)* and also, less striking yet notable degree, 
Mr. Hiroi’s paper. 

Though would hardly proper consider the 
American cements indicated these data cause actual 
alarm, they can hardly considered satisfactory. Even qualified and 
least partly compensated the better showing made the sand 
briquettes, Mr. Davis shows curves representing average eight 
brands American cement that lead one wonder where the rapid 
drop strength will stop, all. must remembered, also, 
that those eight brands probably represent the best cements obtainable 
for the works considered, incredible that inferior suspected 
cements would placed under long-time test and allowed drag 
down good average. The curve Mr. Davis gives for single brand 
1:3 sand briquettes rather appalling, for has lost 50% 
years, and still falling off. 

The engineer cannot afford contemplate with composure the pos- 
sibility progressive deterioration supposedly permanent ma- 
terial such importance. cement fall under the head 
materials subject deterioration, the sooner know the better, 
the end that its life may replacements provided for, 
and means taken prevent disastrous failures. If, the other 
hand, are have dependable material for all the ages, which, 
built into our structures will actually—as confidently assumed— 
improve strength with the years, defects must sought out, and 
faulty material must rejected without mercy. the article pre- 
viously referred to, the writer suggested the advisability applying 
the test ready means for the detection inherent weak- 
ness cement passing the standard Since that time, still 
more drastic test—the autoclave test—has been advocated, but this 
requires special and rather costly apparatus, and that 
seems probable that few American cements would succeed passing 
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it. Yet the writer believes that the time will come very soon when 
engineers will find prudent even imperative subject the cement 
required for works importance far more searching tests than 
those now use; and the cement manufacturers find difficult 
even impossible supply cement the required integrity under 
their present methods manufacture, they will simply have im- 
prove their methods. soon the certainty eventual weakness 
concrete made with any particular class cement established, 
even strong suspicion concrete permanent material aroused, 
some very strict requirements will have met the cement 
manufacturers. 

the meantime, the writer suggests—even urges cases im- 
portance—the application the tensile and steam tests that part 
the material passing the 100-mesh and remaining the 200-mesh 
This material should made into standard boiling pats and 
briquettes, and carefully observed. Everything else being apparently 
equal, between rival cements, this test will certainly give definite 
relative soundness that should fix one superior. 


q 
q 
: 7 
q 


q 
4 


AMERICAN SOCIETY CIVIL ENGINEERS 


INSTITUTED 1852 


PAPERS AND DISCUSSIONS 


This Society not responsible for any statement made opinion expressed 
its publications. 


CONSTRUCTION PROBLEMS, DUMBARTON BRIDGE, 
CENTRAL CALIFORNIA 


Discussion.* 


Hovey, Am. Soc. E.—The speaker has been much 
interested this concise and well illustrated paper; and, though there 
are many interesting details the draw-bridge superstructure which 
might mentioned any extended was undertaken, 
only few points which were particular interest him during the 
design the draw span, early 1907, will mentioned. The Dum- 
barton draw span was one the heaviest center-bearing spans which 
had come the speaker’s notice the time the design was made. The 
center-bearing type draw was considered particularly desirable 
this account the difficulty securing foundations, the 
simpler details the center, the rigidity the bridge under 
after the wedges its ends and center were driven home, 
ease with which final adjustments height center and end sup- 
ports could made during construction case there was any 
settlement the piers. The center bearing this bridge was de- 
signed for total load about 2600000 
were embedded the the end and center piers, under 
the end and center wedge supports and the pivot. The 
center pivot casting rested directly the top the center grillage, 
and the disks the top this consisted two steel plano- 
coneave and one phosphor-bronze double convex disks, in. diame- 
ter. These disks were the largest with which the speaker was familiar 
the time the design was made, although much larger ones have 
been used more recently the manufacture draw bridges, the 
largest with which the speaker familiar being those supporting the 
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Southern Pacific draw span over the Sacramento River, Sacra- 
mento, Cal., which are in. diameter. 

The design the power plant the operator’s house the Dum- 
barton draw interest because, although was expected ultimately 
use electric energy for operating the draw, current would 
not available the time the bridge was completed, and was 
necessary, therefore, provide some other source power temporarily, 
and desirable have alternate power available, even after the elec- 
tric current was use. For the permanent equipment 52-h.p. motor, 
designed use 440-volt alternating current, was provided. For tem- 
porary and alternative use 80-h.p., three-cylinder, four-cycle, gaso- 
line engine, running about 300 rev. per min., was selected. the 
operation this draw bridge necessary provide, from one 
source energy, means lower and raise the center end and wedges, 
and also open and the bridge itself, four separate operations 
required. The type gasoline engine selected was not reversi- 
ble, therefore special transmission mechanism was necessary pro- 
duce rotations each direction for lowering and raising the ends 
the bridge and for opening and closing the main structure. Many 
bridges have been built with mechanism provide for these four mo- 
tions, but, large number the necessary shafts, gears, 
clutches, levers, have been located various positions the 
superstructure. conformity with the well-established practice 
the builders this bridge, was decided use type transmis- 
sion mechanism, between the gasoline engine and the main shafts 
the bridge, which would entirely within the operator’s house and 
self-contained large cast-iron bed-plate, that the transmission 
mechanism could assembled and carefully aligned the shop and 
then shipped the bridge such condition that minimum field 
work would necessary placing and adjusting it. This transmis- 
sion mechanism two and two friction 
with the necessary shafts, gears, and friction-band brake control, all 
actuated the operator from central point. 

The motor selected was the ordinary reversible type, 
and therefore required special transmission mechanism shift the 
application power the wedge-operating shafts bridge-turning 
shafts pleasure; but did not require special mechanical provision 
for reversing the direction rotation. keep the whole mechanism 
compact and rigid, was decided place the motor 
base which was carefully fitted and bolted against one end the cast- 
iron base the gasoline engine transmission mechanism. motor 
base also supported bearings for countershaft, the pinion which 
was arranged mesh directly with gear the extended end 
countershaft the gasoline engine transmission mechanism. The 
motor countershaft was also provided with friction coupling, 
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that moving hand-lever the motor could thrown into engage- 
ment with the gasoline engine transmission mechanism allowed 
run idle. this construction, will noted, the transmission 
mechanism can driven the gasoline engine the electric 
motor, pleasure, and case necessity shift from power 
gasoline engine power can made simply releasing clutch 
and starting the gasoline engine. 

account the location and weight the bridge, the time 
opening and closing was fixed min., stated the paper. 
visit the Pacifie Coast July, 1912, the speaker had oppor- 
tunity inspect the Dumbarton Draw and during this in- 
spection the bridge was opened the operator, who did not know that 
was being timed. Beginning with the first movement set the 
railroad signals—the signals were set danger—the operator the 
bridge received his signal open, and the cold gasoline engine was 
started and operating speed was attained sec.; sec. were re- 
quired lower the ends the bridge; see. were used throwing 
the clutches from the wedge-operating shafts the bridge-turning 
shafts; and sec. sufficed open the bridge 90°; thus making the 
total time from the first motion the signals the fully open posi- 
tion the bridge, min. and 

The speaker visited many draw bridges the Coast, but 
did not see operator’s house, set bridge mechanism, such 
perfect condition that the Dumbarton Bridge. The bridge opera- 
tor evidently took great pride the maintenance the structure. 
The bridge machinery, after practically two years’ use, was clean 
one would expect find well-maintained machines shop, and 
the operator’s house, all its appointments, was model neatness. 


lated the concise and clear manner which has covered the 
engineering features connected with this bridge. The speaker in- 
terested the description the erection the steelwork, which seems 
have proceeded very expeditious manner. 

Mr. Schneider speaks the novel construction derrick-car, 
which, the illustrations, consisted hinged A-frame 
placed standard flatear. Such tools have become common the 
East, and almost every bridge company owns one more. Hinged 
A-frames wood have been use for some vears, and, about ten 
years ago, Mitchell, Am. E., conceived the idea 
building special steel car with hinged steel A-frame. car this 
kind was used successfully connection with the erection the 
Warehouse Point Bridge, where the New York, New Haven and 
Hartford Railroad crosses the Connecticut River, below Springfield, 
Mass. Mr. Mitchell then substituted heavy steel struts for back-stays, 
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patented the invention, and has built, authorized the construction 
of, number cars. The A-frame ft. high, making the total 
height the car when use about ft. Such height mast 
necessary for booms and ft., and cars have been built re- 
cently with masts some higher. The standard overhead clearance 
for the Middle Western roads ft. above the rail, and this 
not sufficient clear the top the A-frame, Mr. Mitchell has made 
arrangements lean the frame back and shorten the back-struts 
series pin-holes the latter. some the Eastern railroads, 
especially the New England roads, the overhead clearance much 
less than ft.; some cases only about ft., with minimum 
ft. in. This not much more than sufficient pass high 
furniture car, and not always practicable lean the A-frame 
back far enough able work under such clearances. the 
last few years some the Eastern concerns have attempted over- 
come this difficulty building heavy steel frame, the top chords 
which occupy about the same position the eaves box 
One company has made the front posts this frame hollow, that 
A-frame can telescope into them. arrangement 
enables work done with A-frame height very little 
above that box car, extend the frame give mast 
about ft. Several other companies have used this same type, but 
have hinged short A-frame the top the steel truss, instead 
the ear floor. 

Another feature interest connection with the erection the 
Dumbarton Bridge the the double-headed traveler. 
would seem that the single booms each end this traveler were 
designed with the idea working alternately the fixed spans, and 
that probably only one boom was worked advantage any one time. 
single boom for the erection truss was not considered good 
practice several years ago, owing the number pieces which had 
held place while connection was being made, but the intro- 
duction riveted joints has produced quite change methods. 
Recently, derrick-cars have been used very successfully the erection 
riveted trusses, although there are engineers and eregtors who main- 
tain that other tools are more efficient. this matter, some- 
times difficult decide the most efficient method erecting steel- 
work. Several years ago, the New York, New Haven and Hartford 
Railroad, extending its six-track line into New York City, built 
great number overhead bridges for the separation street and 
railroad grades. The bridges were designed for New York City paving 
standards and very heavy live loads, and consisted three trusses 
with double roadways and sidewalks. 


The spans were not very long, 
120 ft. probably being the 


average. happened that during period 
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about months, four different bridge companies secured contracts 
for four bridges, the details which were very similar. They were 
all overhead highway bridges, with the erection conditions 
exactly the same, and the interesting feature was that each the 
four companies used different method erection. 

One company used steel gallows, gantry traveler, reaching 
above the trusses, and erected the steel from fixed hoists. 

The company erected two heavy steel derricks the street, 
one each abutment, with booms long enough meet the middle 
the span. 

The third company had two derrick cars, one which was placed 
the upper falsework and was used for erecting the trusses; the 
other was used down the railroad grade supply the upper one with 
material. 

The fourth concern built two-boom mule traveler, that is, low- 
decked traveler with two masts and booms. The booms reached out 
over the falsework get material from the cars below. 

The speaker was interested the erection one lot bridges, 
and see what the other companies were doing, 
order learn whether there was any marked difference the 
methods. far could see, each was guided the 
choice erection tools what had hand, and there did not 
seem any very great advantage one kind tool over the other. 
The speaker satisfied that the method which was interested 
was the best: but the representatives the other concerns feel the 
same way about their that the question still open. 
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AND 


connection, refer the action bolts experimental timber 
joints, which are subjected much the same shearing action the 
stirrup rods question. the case plain fished joints, without 
keys notches the timber, failure always gradual, because the 
bolts crush into the wood, the bolts assuming reverse curve and finally 
parting tension when the slip becomes great enough bring the 
reverse the bolt angle about degrees. 

The same action occurs wooden treenail pin plank lattice 
bridges. pins are generally oak, and the plank spruce 
pine. When slip oecurs, the grain the pin somewhat crushed and 
offset which somewhat like reverse curve, but never 
true shear. 

The shearing strength and bearing value are nearly 
equal that doubtful whether, the authors’ experiments, the 
stirrup rods added anything all the shearing strength the 
joint between the stem and the slab, view the fact that initial 
slip 

Roughness the joints undoubted benefit, because the con- 
tact area between old and new concrete thereby greatly increased. 
The bonding material must possess much shearing strength the 
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not sufficient clear the top the has made 


arrangements lean the frame back the back- 
especially the New England roads, the overhead very much 
less than ft.; some cases ft., with minimum 


This not much more than sufficient pass high 


last, some the Eastern have attempted over- 


building heavy steel frame, the top chords 
which occupy about the same position the eaves box car, 
has made the front posts this frame hollow, 
enables. work done with A-frame height little 
above that box car, extend the frame give mast 
about ft. Several other companies have used this same type; but 
have hinged.a short A-frame the the. steel truss, instead 
the car floor. 

Another feature interest connection the the 
Dumbarton. Bridge the the traveler. 
would seem that the single end this traveler were 
designed with the idea working alternately the fixed spans, and 
that probably only one boom was worked any one time. 
single boom for the erection truss was not considered good 
practice several years ago, owing the number pieces which had 
place while connection was being made, but the intro- 
duction riveted joints has produced quite change methods. 
Recently, derrick-cars have been used very successfully the erection 
riveted trusses, although there are engineers and erectors who main- 
tain that other tools are more efficient. some- 
times decide the most method erecting steel- 
work. years ago, the New York, New and Hartford 
Railroad, extending its six-track line, into, New York City, built 
railroad The bridges were designed for New York City paving 
standards live loads, and three trusses 
with double roadways and sidewalks, The not. very long, 
120 being the happened. that period 
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about months, four different bridge companies secured contracts 
for four bridges, the details which were very similar. They were 
all overhead highway bridges, with the erection conditions almost 
exactly the same, and the interesting feature was that each the 
four companies used different method erection. 

One company used steel gallows, gantry traveler, reaching 
above the trusses, and erected the steel from fixed 

The second company erected two heavy steel derricks the street, 
one each abutment, with booms long enough meet the middle 
the span. 

The third company had two derrick cars, one which was placed 
the upper falsework and was used for erecting the trusses; 
other was used down the railroad grade supply the upper one with 
material. 

The fourth concern built two-boom mule traveler, that is, low- 
decked traveler with two masts and booms. The booms reached out 
over the falsework get material from the cars below. 

The speaker was interested the erection one lot bridges, 
and watched carefully see what the other companies were doing, 
order learn whether there was any marked difference the 


methods. far could see, each concern was guided the 


choice erection tools what had hand, and there did not 
seem any very great advantage one kind tool over the other. 
The speaker satisfied that the method which was interested 
was the best; but the representatives the other concerns feel the 
same way about their methods, that the question still open. 
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connection, refer the action ‘of bolts experimental timber 
joints, which are subjected much the same shearing action the 
stirrup rods question. the case plain fished joints, without 
keys notches the timbér, failure always gradual, because the 
bolts crush into the wood, the bolts assuming reverse curve and finally 
parting tension when the slip becomes great enough bring the 
reverse the bolt angle about degrees. 

The same action occurs wooden treenail pin plank lattice 
bridges, These pins are generally oak, and the plank spruce 
pine. When slip occurs, the grain the pin somewhat crushed and 
offset occurs which somewhat like reverse curve, but never 
true shear. 

The shearing strength and bearing value concrete are nearly 
equal that doubtful whether, the experiments, the 
stirrup added all the shearing strength the 
joint bétween the stem slab, view the fact that initial 
slip 

area between old and new conerete thereby greatly increased. 
The bonding material must possess much shearing strength 
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Mr. mortar, more, therefore steel good material for this purpose, but 
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its great excess strength wasted the shear- 
ing the joint. 


Am. Soc. speaker would like know 
whether would have had any bearing the test the flanges had 
been made wider? the computation for floor-beams 
girders, much more flange taken floor- 
slab than shown. from that would 
not change the values for the shear; but those things act very queerly 
sometimes, and the speaker ‘wonders whether the test might not have 
shown great variation there had been least foot each side, 
because the building codes various cities allow least much. 

the floor-slab has negative bending the 
point support, namely, the beam. That say, the flange the 
T-beam would tend bend downward the test beam were actually 
loaded the This force would tend lift the center 


the flanges away from the stem. 


Inasmuch there greater number shear bars present than 
the beam would contain practice (which extra bars would take care 
the effect the negative bending moment the slab), really 
fair compare separately poured flange and stem and flange and 
stem poured one operation 


Assoc. Am, Soc. fact that the depth 
the beams tested, proportion the span, much greater than that 
which ordinarily met practice, and the fact that the reinforcing 
rods were either hooked bent the ends, leads the speaker 
suspect that the load was carried action rather than flexure, 
and, therefore, that the shear along the plane under discussion would 
less than the authors estimate be. Also, has been sug- 
gested, the presence the stirrups hooked into the T-flange develops 
“punching” shear, and hence higher value may expected. 

The speaker constrained take the position critic because 
feels that would serious matter the idea got abroad among 
practical men that the beam and slab not need poured one 
operation. sufficiently difficult now for the engineer have 
his construction joints placed where wishes them. 


have made comparative test between smooth and corrugated joints 
beams having the flange poured some days later than .the web. 
However, such comparison not made, for none the speci- 
mens tested did the joint fail. All that that when 
cient stirrups are placed across the joint will not rupture under 
the breaking load the beam. 
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beams this character are used construction work, there 
are number conditions which not exist laboratory practice. 
hoisting the beams into position they are jarred and pretty, 
shaken, thus tending break the bond between steel and concrete. 
After the beam place and the slab poured, forms are dropped 
it, vibrations the building shake and jar it, and temperature 
stresses warp it, all which tend destroy the bond between the 
web and the flange. One year after placement, beam likely 
have very imperfect bond between the web and the flange. Any 
decrease the grip the stirrups the will decrease the 
frictional resistance along this plane. 

answer the three objects stated the paper, 
may said: 


Mr. 


1.—That this type construction safe for buildings-only when 
stirrups are placed across the joint. 
not warrant any omission corrugations, ex- 
cept when using the same proportion stirrups in. the 
test. About three times the quantity stirrups 
Joint Committee were used these tests. 
3.—The authors have not discovered how high shearing stress 
the smooth joint will resist, for the joint did not fail. 


No. has seven round stirrups and two 3-in. square 
bars crossing the joint between the load and the support. The seven 
stirrups have area 1.0738 sq. in. This, resolved through 
angle 45°, order resist diagonal tension, 0.75 sq. in. Add- 
ing 1.62 sq. in. (area diagonal bars) this gives 2.87 sq. in. 
resisting the tension imposed the main steel. This gives 
unit stress 400 Ib. per sq. in. 

The total tension the beam derived multiplying the area 
the tension steel, 1.62 sq. in., the unit stress Table 
which gives 91044 lb. This does not exceed the elastic and 
certainly shows that the concrete not stressed. 

The better they tested beam with stirrups 
the web (sufficient resist diagonal tension) and with only two 
three stirrups across the joint. The beam would then probably 
fail construction joint, thus giving means comparison 
between the two styles joint, and also values for these joints. 

The authors state the introduction that they are endeavoring 
find economical Stirrups cost money, and some 
can omitted there would saving. These tests not give any 
while give the strength the joint, that would 
possible ascertain the number stirrups necessary reinforce 


i 


the ‘unequal length spans, comparison may made with 
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The conclusions drawn the authors are misleading, and might cause 
disaster used incompetent designer. 

first reading the paper, one would think that, with the ordi- 
nary quantity stirrups, recommended the Joint Committee, 
construction joint permissible beam, for the authors not 
give their method calculating these stirrups. the majority 
the members have only time for first reading, thought that this 
paper might cause laxity pouring methods. 


Henry Rarr, Am. Soc. speaker has 
paper with interest, and feels that the authors are entitled many 
thanks for publishing the description and results their experiments. 

The question construction joints concrete and reinforced 
concrete construction has long been, is, and will continue be, 
bone contention between the contractor and the engineer. All efforts 
solve this problem practical way should, and undoubtedly will, 
receive hearty endorsement the members this Society. 

describing the various types beams, the paper that 
the Type beams were similar those going into the actual construc- 
tion. The speaker assumes that these test beams were similar to, but 
not identical with, those comprising the floor system the buildings. 

The paper also states that the sections these test beams, and the 
reinforcement therein, were designed with the idea 
shearing stress the stems, and, order obtain this condition, 
the various sections and the reinforcement were more ordi- 
nary size and quantities. 

The question that naturally presents itself is, what extent should 
actual construction work governed the results these 
The favorable results shown are very encouraging; however, the 
speaker would advise caution the matter, and allow the present 
method monolithic construction prevail until such time tests 
actual construction members prove the permitting 
joints actual practice. 

The test beams, and having the same and span 
length (though the quantity stirrups greater than B), 
permit direct and lead the conclusion that the 
stirrups assist joint taking shear. The test beams, 
and and being unequal spans, not permit this 
direct comparison, but, eliminating the consideration the’ different 
quantity stirrups therein, interesting comparison may made 
with reference span length; likewise, eliminating the consideration 


respect the quantity stirrups contained them. 
Table has been derived averaging the various groups “re- 
sults tests” given Table and may prove be-of interest. 
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TABLE 


500 217 200 400 548 2.76 0.69 100 
...... 800 2815 225 200 400 563 0.69 100 


the stirrups capable taking horizontal shear 
the the their normal projection the plane 
the construction joint the ultimate (unit) crushing strength 
the concrete. determined the average the stresses given 
Table have value horizontal shear for one stirrup 
stirrup (2741 0.3125) 857 and for one 
each beam, hence the total value horizontal shear the 
per beam 504 the stirrups per beam, the 
008 

Table gives results obtained deducting assumed 
the. stirrups ‘horizontal shear from the. total shear 
construction joints the various beams, subtracting, from the gross 
area these joints the area their respective stirrups, and dividing 
the net shear concrete net area the, construction 


TABLE 


7 


Table will undoubtedly prove interesting because the extraordi- 


“nary results shown the column headed “Percentage low shear 


Mr. 


high shear.” speaker feels that, irrespective the 
various contributing these erratic results, they should re- 
ceive profound study the engineer who contemplates the use 
construction joints T-beams similar those under discussion. 


TABLE 
Percentage 
Comparison Unit shear Unit. shear Unit, shear Unit shear low 
beams from from rom shear 
shear. 


‘to the usual method calculating 
stirrups, seem too many these beams, particularly 
those Type The usual method calculating assumes 120 
per sq. in., or, most, 150 lb. per sq. the net section the 
allowable shear, and that one-third this carried the concrete 
and the remainder the stirrups and bent-up bars. there are 
bent-up bars, this case, the speaker would calculate the 
stirrups follows: Width beam multiplied unit shear carried 
stirrups in. 100 Ib. 400 value two square bars 
000 lb. per sq. in. 500 the stirrup spacing would then 
11} practically three times that actually used. This spacing 
too wide for the beam question, and smaller steel should be. used. 

The result usihg much stirrup steel that the web and flange 
the beam are thoroughly tied together that there chance 
for shear crack form between them. the stirrups act tension, 
and they undoubtedly after the web the beam 
has begun crack, there direct pull each stirrup the flange 
the beam, which amounts quite considerable This pull 


brings into play resistance between the two parts 


beam, which acts addition any adhesion the concrete surfaces. 


) 


Mr. 
‘ i 
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might the rough surface the top the web. 

short, the attempted find how high shearing 
stress smooth joint between the web and flange concrete beam 
would carry, but have only discovered that, using quantity 
stirrup steel greatly excess what. would used practical design, 
possible tie the two parts the together thoroughly 
that they are able obtain very high unit shear. The tests not 
show how high shear such joint would beam designed 
meet practical 


accord with those who have suggested the absence shear the 
joints tested; believes must conceded that there is.shear 
these joints, and that the vertical shear rods themselves cannot 
take it. The rods are not placed the right position take the 
horizontal shear, being right angles that stress; and the bearing 
area which they have the concrete above and below would incon- 
siderable compared with the shear resisted. The must 
carried the strength which has been developed the construc- 
tion joint, explained excellent adhesion some other phenomena, 
which the discussions thus far not disclosed. 

With respect the adhesion bearing the integrity the 
concrete across the joints, that, course, question methods 
construction. Strong adhesion can easily obtained experi- 
mental way, which might not carried with such uniform success 
larger scale; for example, the dirt the surface can all 
removed, and with certainty, though understood that was not 
done this case. Dirt prevented from getting the con- 
and higher degree workmanship can would 
generally possible large scale. 

has often been shown experiments that beams plain con- 
crete can made two operations, using rich mortar the joint, 
and that these will break elsewhere than the joint; yet, con- 
struction, any cracking occurs concrete, usually the 
joints and not elsewhere. The speaker has noticed this repeatedly 
various shrinkage phenomena, and testing concrete pipes water 
pressure. 

One may concede that the methods used were fairly representative 
commercial work, and still find explanation for the strength 
developed. tests what sometimes called “true” shear, 
very seldom that the breaking stress less than 700 800 
frequently runs 1000 1100 and results greater than 
2000 lb. have been obtained punching shear plates with edges 
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bound reinforcement.* Now, what there distinguishes 
punching shear from ordinary shear developed beams resting 
supports? The nearness the load the point support and the 
binding force supplied the grips—and particularly the steel 
the tests, above mentioned, punching shear concrete plates with 
edges reinforced—probably both contribute the high results; and 
not difficult conceive that the stirrup steel produced similar 
effect the tests under discussion. The action conceived not 
that suggested one speaker—that the tension the stirrup steel 
causes friction between the two concrete surfaces assumed 
plane—for tension would cause the stirrups stretch slightly, thus 
taking the concrete out bearing, and precluding friction the 
ordinary kind, such would exist between plane surfaces held to- 
gether. surface under the microscope smooth 
larly concrete surface), entirely conceivable that, although the 
stirrup rods may stretch slight extent, they would still hold the 
teeth the surfaces, speak, mesh, thus cause action 
similar punching shear, though not effective account the 
general absence pieces the coarse aggregate across the plane 
shear. minute distortion would have take place before such 
action could oceur, but would very minute with the quantity 
stirrup steel used the beams discussion. 

The speaker offers this purely off-hand and unstudied specu- 
lation, although perfectly certain that, with good workmanship, 
joint would frequently made that would just strong the 
original the explanation suggested has any weight, 
true, course, that of, stirrups would more 
effective than small number, that there may something the 
the discussion that the relatively large quantity stirrup 
steel does have effect. the The thinks more 
investigation would wise before applying the method described 
the authors ordinary designs reinforced concrete over large 
floor areas. 
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KINETIC EFFECTS CROWDS. 


Discussion.* 


AND 


paper valuable addition the data the loads ex- 
pected structure crowded. with moving people. would seem 
the writer that more extended experiments along these lines might 
well undertaken determine the horizontal component the kinetic 
similar considerable horizontal force evidently exerted 
crowd not only springing their feet, the 
exciting game, considered Mr. Tilden, but 
moving rhythmically thereafter produce and continually 
accentuate rocking motion the structure. The writer has mind 
his observation where stand was 
racked crowd excited students swaying unison, 
from one leg the other, they sang. While such ebullitions might 
well suppressed interests safety, evident that spite 
precautions such movement may occur, the possibility 
considered the design grand stand, particularly for 
college, 

While such investigation would indicate the need excessively 
heavy bracing, ordinary factor safety were used, would seem 
that structure the class indicated might well designed resist 
the possible rocking marching crowd, with small factor 
safety, compared with that calculated for static loads. 


discussion (of the paper Tilden, Assoc. Am. E., published 
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-further discussion. 
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tion new forces provided for the design structures will 
awaken the interest structural engineer, and, therefore, the experi- 
ments described this paper command attention. The statement that 
man rising suddenly from seat may exert horizontal effect 
force equal one-half his weight, somewhat startling; and 
that grand stand should figured for horizontal force equal 
one-half all vertical live new proposition, which, 
true, important. 

order test the proposition, the writer rigged means 
measuring horizontal impulses attaching adjustably loaded brack- 
ets light swinging platform; also experimented with the swing 
disconnected from the loads, order observe the amount the 
induced lateral movement. 

The greatest. backward horizontal force produced sudden 
rising from the seat with the consequent shifting forward the center 
gravity the body, appeared the body weight, and 
the backward swing the unrestrained platform indicated only 
when the weight was multiplied the tangent the angle incli- 
nation the suspenders. The latter probably not all reliable, 
because the amount the lateral swing not likely direct 
proportion the length the suspenders, and, without doubt, the 
backward swing was always interrupted the forward impulse. 

was immediately observed that the re-acting forward force was 
much greater than the rearward force.’ The unrestrained platform— 
disconnected from the apparatus and free swing—would first swing 
backward about in., and then about in. forward the neutral 
point. When was restrained, the weight lifted the second 
return was about twice great that lifted the first 
backward impulse, that is, about 14% the vertical load. 

These measurements seem indicate that there something wrong 
with the author’s method computing the horizontal effect. The 
error probably the assumption that the horizontal movement 
rapid the vertical one. study the movement shows that 
either the center gravity thrown forward before rising, the 
feet are drawn under the body and, after rising, the body steps for- 
ward, for the rise could not made the inclined direction without 
“purchase” the rear push against. Speed movement 
essential the development kinetic energy. 

The rearward impulse succeeded quickly the forward one 
that the bracing the structure has hardly time feel it, and its 
energy must largely absorbed the inertia the structure 
the dead weight all considerable, and this likely be. the case 
always. The platform used the experiment described was very 
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light—perhaps one-fifth the live load—as probably was that 
the scale used the author his work. Absorption energy 
transitory force reduces the effect and the attending stress, illus- 

trated the old magic enduring sledge-hammer blow one’s 

chest interposing anvil. suggested that the author repeat 

his rising experiment the scale with its platform loaded with 

dead weight equal the live load, and report the result. 

The fact that the second forward impulse greater than the 
rearward one, probably due the arrest the movement being 
more sudden than its start. The energy expended the movement 
must divided between accelerating and retarding it, but the 
kinetic effect will proportioned the quickness each stage. 

The stress; the effect stress, structure not directly 
proportional the speed application not necessarily 
increased so-called impact. Within limits, the rapid application 
load almost any material will find higher resistance than 
slow application, and the dead weight equal to, say, the live 
load, much any kinetic effect sudden loading will lost the 
mass before reaching the bracing. 

The effect crowd running across bridge and against the 
railing more menacing force, and least one case recalled 
where footbridge over stream collapsed under shifting crowd 
spectators boat race. well-designed bridge railing, however, 
will competent resist the pressure crowd, for the strength 
the rail and the posts computed for per lin. ft. applied 
the rail, the usual allowed unit stress will provide ample margin 
for push against it. The kinetic effect crowd hurrying across 
the bridge would spent the floor and not the railing, for only 
one rank the runners could fetch against the rail—at least, 
one moment—and bridge wide enough permit shifting crowd 
get any speed must have considerable mass inertia, and 
likely also stiff horizontal beam. 

would seem, therefore, that hardly need revise our prac- 
tice the design structures care for new kind impact. 
The suggestions the paper, however, should useful direct- 
ing attention the necessity for intelligent design the construc- 
tion all parapet railings, but the most formidable impact that 
railings are subject nowadays seems that straying trolley 
cars and automobiles, one and half dozen the 
latter having come under the writer’s notice recently, and engineers 
cannot well expected design for such contingencies. 


the general application the results the experiments specifica- Coombs. 
tions, the addition loading requirements, would unneces- 
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sary burden structures which are: calculated for wind load. Such 
structures, particularly designed for the venerable loading 
per sq. ft., would have strength more than sufficient care for the 
lateral stresses due the movement the live load. fact, the 
wind load would not occur while the structure was occu- 
pied, the load presupposes very violent wind velocity. Further, 
the usual so-called “wind loads” really include vibration, lateral 
impact loading. 

Though some special provision for lateral and vertical impact 
forces may proper for light temporary grand stands, which 
may not designed for the usual wind loads, the speaker believes 
any such addition entirely unnecessary for first-class permanent work. 

Am. Soc. E.—The author’s experiments are 
interest and merit discussion, but, pointed out Mr. Prichard, 
the effect these forces structures very largely dependent 
the general character and dimensions the structure, independent 
its strength. the intervals time between the successive appli- 
cations even very small force correspond the rate vibration 
the structure structural member, the effect will cumulative 
and may assume serious proportions. 

The most extensive experiments structures determine the 
kinetic effect, distinguished from the static effect, moving loads, 
are undoubtedly those made the American Railway Engineering As- 
sociation running trains across bridges, the length, weight, and speed 
the trains, and the length the bridges all being varied within 
considerable limits; and, these experiments, appeared dem- 
onstrated that the kinetic effect, impact produced, depended largely 
the relation the span length the speed and length the train, 
and that the running trains over bridges speed less than 
miles per hour produces appreciable effect beyond that which 
would produced the train standing still. 

The effect the movement crowds over bridges would certainly 
dependent similar laws, and does not seem possible that 
bridge designed carry the automobile and heavy trucking traffic 
to-day, and constructed with the solid floors which are now common, 
could appreciably affected the dynamic effect crowds people. 

the however, grand stands filled with spectators 
football similar game appealing their enthusiasm, all might arise 
one time and engage regularly timed cheering stamping, 
thereby, undoubtedly, producing considerable effect, and this should 
taken into account the design such structures. Even this 
case, however, evident that the effect would more dependent 
the rigidity the structure, what might called its 
“vibratory pitch,” than its strength under static loads, the weight 
the spectators. 
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Discussion.* 


ing the results his oil-concrete September, 1911, 
additional data have been obtained the writer which will inter- 

est the present time showing the effect different types oils 

the strength oil-mixed concrete and mortar the age years. 
These results, some which have already been reported early 
age, are given Tables 10, 11, and 12. 

Referring first Table 10, Tensile Strengths, will noted 
that Oils Nos. 4923, 4981, and 5053 have deteriorating effect the 
tensile strength, the end year the case No. 5053, 
the end years the cases Nos. 4923 and 4981. No. 5856 
more nearly resembles those used Messrs. Taylor and Sanborn than 
any the others, and the effect the strength not greatly different 
from that reported them. The few tests made with Oil No. 6536, 
the end days, show increase the tensile strength with 
the addition this oil. would seem from these results, combined 
with. those Messrs. Taylor and Sanborn, that some types oils 
might seriously detrimental the strength mortars, and, there- 
fore, that their selection should made from the results tests 
mortar mixed with the oil under consideration, 


This discussion (of the paper Messrs. Arthur Taylor and Thomas Sanborn, 
lished the March, 1918, Proceedings, and presented the meeting April 16th, 1913). 
printed Proceedings order that the views expressed may brought before all 
members for further discussion. 
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TABLE 10.—TENSILE STRENGTH OIL-MIXED BRIQUETTES 
STORED WATER. 


1:3 Ottawa Sand. 


o= mM 
As 
152 Fluid residual oi] No. 283 312 250 


The results crushing strength given Table 11, and extending 
period years, show, general, that oil-mixed concrete 
gains strength with age, pretty strong indication that, with the 
small quantity oil incorporated, the concrete not likely suffer 


“future deterioration. The ratio the strengths, however, not the 


same with different kinds When 10% Oil No. 4981 
mixed with the strength cut down about one-half 
that the plain mixture all periods years. Oil No. 4923, 
however, does not have this severe effect decreasing the strength; 
and, general, with very dusty crushed gneiss aggregate, the crush- 
ing strength with 10% oil about 75% that the plain con- 
crete, and with oil about 85% the plain concrete strength. 
With well-graded, clean, gravel aggregate, excellent results were 
obtained with 24, and 10% Oil No. 4923, the mixture having 
93% and the 10% mixture 90% the strength plain concrete. The 
results obtained the end year, the compressive strength 
mortar mixed with five different kinds oils, and reported 1911, 
not show the serious decrease strength obtained Messrs. 
Taylor and Sanborn with the California asphaltic oils. 

Regarding the question absorption, regretted that 
the authors have not explained thoroughly their absorption tests, par- 
ticularly with regard the preliminary treatment their specimens 
securing complete dryness: has been the writer’s experience, 
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TABLE STRENGTH OIL-MIXED CONCRETE. 


Specimens are 1:3:6 concrete.— Crushed gneiss aggregate. 


STORED AIR. STORED WATER. 


Mark. Character oil. 


i=) 
BO 


975 015 (2) 560 (2) 


(1) 


“ 


~— 


Fluid residual oil No. 1560 (1) 
Fluid residual oil No. 846 (2) 830 (3) 847 (2) 


CO 


09 20 


o 
CO 


Fluid residual oil No. 
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Mr. and likewise that other investigators, that 1:3 mortar which 
will absorb only 24% its weight during immersion hours, 


rare curiosity. With all the oils that the writer has tried for 
absorption, has obtained results the opposite those reported 
Messrs. Taylor and Sanborn. has been his experience that the 
heavy oils are more effective damp-proofers than the lighter oils, 


properly mixed. The difficulty mixing oil with concrete 


increases with its specific viscosity, and unwise use oil with 
higher specific viscosity than 45. 


TABLE OILs. 


viscous flu ghtly sticky flui 

Specific gravity 25°/25° cent. ........ 


21.76 
Soft, sticky, semi-solid, 


surface. 


Organic matter insoluble............... 0.08 
Percentage bitumen insoluble 14.42 
Specific viscosity, Engler 25° cent. 50.0 15.0 


The authors’ permeability results are not surprise the writer, 
considering the early age which the tests were made. time goes 
on, the oil-mixed specimens, under high pressures, well the 
plain specimens, become impermeable, but, early periods, oil-mixed 
concrete, under high pressure, more impermeable than plain 
although the writer has succeeded, even early periods, 
making the oil mixture concrete more impermeable than the 
plain mixture, using very carefully graded gravel aggregate. 
Oil-mixed be, general, impermeable. The writer 
would like make clear that considers addition oil 
the concrete mixture benefit damp-proofer rather than 
means for preventing the percolation water under great pressure; 
and his laboratory tests, but the results from numerous con- 
structions, point the efficiency the oil damp-proofing agency. 
Oil-mixed mortar, however, might used with benefit prevent the 
percolation water under pressure, well damp-proof. 

The writer has had very successful results with oil-mortar parging 
applied the exterior, and some cases the interior, base- 
ment walls, with oil-concrete roofs and walls, the United States 
Treasury vaults, and basement floors. has also had reports 
regarding oil-mixed concrete structures that were perfectly water- 
proofed when subjected heads ft. Oil-mixed concrete has 
likewise been used for the construction pumping pits very wet 
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soil. Similar constructions plain concrete the vicinity were 
always wet, whereas the oil-concrete constructions remained perfectly 
dry. The ease with which the oil can incorporated with the con- 
crete, and the comparative cheapness make de- 
sirable one for use structures subjected low heads. The follow- 
ing specification for oil given one which, believed, will give 
effective results damp-proofing agent when used concrete 
mortar mixture: 


(1) The oil shall fluid residual from the distillation 
petroleum, and shall contain admixture fatty vegetable oils. 

(2) shall have specific gravity not less than 0.920 tem- 
perature 25° cent. 

(3) shall show flash point not less than 150° cent. the 
closed-cup method. 

(4) When 240 the oil heated Engler viscosimeter 
50° cent., and maintained that temperature for least min., 
the first 100 ce. which flows out shall show viscosity not 
less than nor more than 30. 


would seem the writer that, should duplica- 
tion the tests Messrs. Taylor and Sanborn give the same results 
with the California oils those already obtained, they would dan- 
gerous and valueless oils use. The writer cannot help being little 
doubtful the reported absorption tests, they are variance with 
those number investigators. regrets that his own experiments 
have not included the California oils, but rather the semi-asphaltic 
product. hopes, however, able duplicate the authors’ tests 
with the asphaltic oils, order throw additional light their 
application oil-concrete mixtures. 

Regarding the effect drippings oil concrete, must 
acknowledged that great many instances the concrete mixtures 
have suffered great deterioration. This, however, entirely differ- 
ent proposition from that mixing oil very small percentages with 
wet concrete. great many lubricating oils have vegetable and ani- 
mal oil admixtures, and such oils, known, cause the destruction 
concrete, the lime the cement causing saponification the oil. 
Moreover, such cases, the oil concentrated small surface 
concrete, its effect very serious. the case the oil admixture, 
only very small percentage oil used, and this distributed 
throughout the mass, 
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the period just preceding the opening the present Rapid 
Transit Railroad, New York City, barrels kerosene were kept 
convenient locations, from which the lanterns the watchmen were 
filled. One night barrel leaked, and the morning oily spot 
the conerete roadbed showed where the kerosene had disappeared. 
Considerable discussion followed whether damage would result, 
and account the layers asphalt and felt water-proofing about 
in. below the surface the concrete, which was believed would 
surely damaged the kerosene, the concrete was dug up, the water- 
proofing relaid, and new concrete placed. has always been matter 
interest the speaker what would have happened the 
kerosene-soaked concrete had been left place. Probably 
smooth troweled surface, such sidewalk station platform, 
would run off and evaporate, but would cause deterioration allowed 
remain ordinary concrete? 

looking some references oil mixed with concrete, the 
speaker found very interesting article,* giving the experiments and 
part the conclusions James Hain, Assoc. Am. 
who conducted quite elaborate series tests cement briquettes, 
treated with immersed lard oil, whale oil, castor oil, boiled lin- 
seed oil, crude petroleum, and signal oil (the latter mixture animal 
fat and mineral oil). Mr. Hain’s account the tests covers more 
than three pages, and summarizes follows: 

“At the outset failed find [in railroad industrial works] 
specimen concrete that felt was positively disintegrated 
oil, though not infrequently heard it. the other 
hand, plenty concrete was found that oil had penetrated but not 
disintegrated. Further, our tests comparatively new briquettes, 
which were weakened exposure air, showed that, with one excep- 
tion, they were disintegrated all classes oils and fats. These 
oils and fats when arranged according their effect (as far our 
experiments indicate), are follows: animal fat; animal oil; 
vegetable oil; and mineral the following points 
are reasonably certain: (1) Most oils penetrate concrete mortar, 
which makes them dangerous. (2) Concrete more liable dis- 
integrated when saturated with oils and fats not thoroughly set. 
(3) good quality concrete less susceptible the effect oil 


than poor quality, such porous, frosted, lean, poorly mixed, 
improperly seasoned concrete.” 


the issue April 20th, 1905, the same periodical, Maximilian 
Toch, Assoc. Am. Soc. E., comments Mr. Hain’s experiments, 
and says: 


“We found that the disintegration [of the briquette immersed 
signal oil] was due the formation oleate and stearate calcium. 
reduce this its simplest expression, the animal oils contain acids 


Engineering News, March 16th, 1905. 
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which combine with the lime, and stearate and oleate 
lime are formed. likely that these crystals the process 
formation have increased the bulk the briquette and the bond 
has been formed the lime the set cement has been totally 
disintegrated and ruptured. 


“Machinery oil which contains animal fat evidently harmless 


cement concrete for the reason that combination occur. 
Machinery oils are almost exclusively paraffine oils.” 


peculiar thing that, with all the 
oils used Mr. Page’s experiments, the tensile strength 1:3 mortar 
has been but very slightly affected the oil admixture. great 
many instances the tensile strength even exceeds the strength plain 
1:3 mortar, although, the same time, the crushing strength 
concrete mixed with the same kinds oils invariably somewhat 
less than that plain mixtures. Only one oil, thus far, has been 
found affect the tensile strength seriously, and this oil perhaps more 
nearly resembles the asphaltic California products than any the 
others used. 

stated Mr. Owen, the influence lubricating oils plain 
foundations is, great many instances, very severe. Ani- 
mal and vegetable oils disintegrate concrete, and many the lubri- 
eating oils contain animal and vegetable oil admixtures. This dis- 
integrating action particularly severe lean, absorbent mixtures 
which may take very large quantity oil. The mineral oil con- 
mixture must regarded different light from that 
plain concrete subjected the penetrating action lubricating oils. 
true that very large percentage oil, when mixed with the 
wet concrete, lose all strength, but such excessive 
admixtures are unnecessary well dangerous. small percentage, 
however, the right kind oil seems benefit damp- 
proofing agent, and does not seem dangerously detrimental 
the strength the mixture. 
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the Secretary prior the final publication. 


January 1913. 


George Edward Gray, the son Joel and Betsey Gray, was 
born Verona, Y., September 12th, 1818. 

After receiving public school education, studied civil engineer- 
ing under Pelatiah Rawson, pioneer the Profession this country. 

August, 1839, Mr. Gray was appointed Resident Engineer the 
Black River Canal, New York State, and remained that posi- 
tion until 1842. then served Assistant Engineer, under the 
late Allan Campbell, Am. Soc. E., Chief Engineer, and the 
late Evans, Am. Soc. E., Resident Engineer, the 
New York and Harlem Railroad until 1847, when returned the 
Black River Canal, serving Assistant Engineer and, later, Resi- 
dent Engineer, that and the Erie Canal. 

the Spring 1852, appointed Chief Engineer the 
Utica and Schenectady and the Mohawk Valley Railroads, and, 1853, 
when these and other roads were consolidated form the New York 
Central Railroad, was made Chief Engineer the latter, remaining 
that position until May, 1865. was during his incumbency 
Chief Engineer, and under his immediate direction, that the first 
wrought-iron truss bridges the United States were built the line 
this railroad. also acted Chief Engineer the construction 
the Hudson River Bridge, Albany, Y., from 1860 May, 1865. 

1865 Mr. Gray was made Consulting Engineer the Central 
Railroad which, with the Union Railroad, completed 
the first transcontinental railroad the United States. Mr. Gray 
this position until 1871, when was employed Chief 
Engineer the Southern Pacific Railroad, and this capacity 
had charge the construction many miles that road and the 
various railroads comprising the Southern System. 

1885, retired from railroad work and engaged consulting 
practice his home Elmwood Park, Berkeley, Cal., until his death 
January 1913. 
Gray was held affection and respect all who knew him 
and his work. was member many technical and scientific 
including the Institution Civil Engineers Great 
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Britain, the California Academy Sciences, the San Francisco Asso- 
ciation the American Society Civil Engineers, and 
Trustee the Leland Stanford, Jr., University for many years. 

Mr. Gray was elected Member the American Society Civil 
Engineers July 2d, 1873, and June 5th, 
1894. 


PETER SUTHER ARCHIBALD, Am. E.* 


Diep Marcu 1913. 


Peter Suther Archibald, the son William and Elizabeth (Blair) 
Archibald, was born Truro, Nova Scotia, March 21st, 1848, and 
received his education the Truro Model and Normal Schools. 

Mr. Archibald began his professional career Rodman the 
preliminary surveys for the Intercolonial Railway September, 1867, 
under Sir Sandford Fleming, Am. Soe. E., and, during the con- 
struction the road and its subsequent operation, rose, sheer 
ability and application, from one position another, until, 1879, 
became Chief Engineer the railroad which, boy, had 
helped construct. This position held until his resignation, 
1898, take private practice Consulting Engineer. 

Mr. Archibald was Consulting Engineer the St. John Cantilever 
Bridge and Railway Extension Company, special permission the 
Minister Railways. 1894 was appointed member the 
Royal Commission inquire into freight rates Manitoba and the 
Northwest Territories. 

1902 was made Chairman Arbitration Tribunal be- 
tween Contractor Reid and the Newfoundland Government, which in- 
volved claim; and, later, was Chairman the Arbitra- 
tion Board settle the question the Newfoundland telegraph lines. 
was also employed expert disputed matters between the 
Clergue Syndicate and its contractors railway construction. 

1905 Mr. Archibald was Contractor’s Engineer for Mr. 
Trites, the construction the Northern Maine Seaport Railroad, 
now part the Bangor and Aroostook Railroad. 1907 was 
appointed member the Conciliation Board the Cumberland 
Coal and Railway Company, under the Industrial Disputes: Act, and 
1908 was made Commissioner the New Brunswick Govern- 
ment manage the New Brunswick Central Railway. 


*Memoir prepared William .Esq., Right-of-Way and Lease Agent, 
Intercolonial Railway Canada, Moncton, B., Canada. 
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Mr. Archibald’s capabilities Consulting Engineer were 
widely recognized that, after taking private practice, his services 
and advice were frequently sought cases special importance, 
well many smaller projects for railways, bridges, and water 
supplies. 

Mr. Archibald was wide reader; man calm, even tempera- 
ment, true friend, and gentleman who possessed the confidence and 
respect those who had the pleasure his acquaintance. his 
ever-ready desire assist those need, secured not only the re- 
spect his professional brethren, but the admiration and loyalty 
his subordinates. 

April, 1874, Mr. Archibald was married Miss Clara 
Lindsay, the daughter Mr. Lindsay, Rockland, Me. 

was Member and Councillor the Canadian Society 
Engineers, and Lieutenant the 73d Volunteer Battalion. 

Mr. Archibald was elected Member the American Society 
Civil Engineers January 7th, 1885. 


PHILIP HENRY COOMBS, Am. 


Marcu 1913. 


Philip Henry Coombs, the son and Sarah Forbes (Wood- 
hull) Coombs, was born Bangor, Me., December 24th, 1856. 
was educated the schools that place, and 1875 entered 
the office his uncle, the late Frederick Coombs, who was then 
City Engineer Bangor, his Principal Assistant, remaining 
this position until 1883. 

November, 1883, Mr. Coombs was elected City Engineer and 
Superintendent Sewers Bangor, which office held continu- 
ously until March, 1893. occupied the same office 1894, 1899, 
and from 1901 1905, inclusive. also served City Engineer for 
Brewer, Me. During his City Engineer, Mr. Coombs 
had charge the construction many miles sewers, and thereby 
became authority the plan the City Bangor, its streets, 
and sewerage system, knowledge which proved great value during 
his long period service public official. 

City Engineer, also made the plans, specifications, and con- 
tracts, and had direct charge the construction the masonry pier 
and abutments for Kenduskeag Bridge 1884 and 1889, and the 
masonry pier for the Franklin Street Bridge, 1885, this latter work 
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having been done jointly the United States Government. and the 
City Bangor. also supervised the erection the steel 
bridge between Bangor and Brewer; the reconstruction and extension 
the Bangor Water-Works; and the erection the Eastern Maine 
Insane Hospital, well the construction roads and the design 
the landscape work. 

‘In addition the work done for the City Bangor, Mr. Coombs 
made surveys and plans for water-works and sewerage systems many 
other towns Maine, including Dexter, Dover, Foxcroft, Newport, 

1887, formed partnership with Thomas Baldwin, 
Am. E., under the firm name Baldwin and Coombs. The 
was engaged general engineering practice until 1892, when 
Mr. Baldwin removed from Bangor, and the business was taken over 
Mr. Coombs. 

Mr. Coombs was widely known Consulting Engineer, and 
had charge the construction many large industrial plants, in- 
the pulp mills the Penobscot Chemical Fibre Company, 
Great Works, Me., 1881-83; the paper and pulp mills the Eastern 
Manufacturing Company, Brewer, 1889; the Orono Pulp and 
Paper Company, Basin Mills, Orono, Me.; and the Webster Paper 
Company, Orono, Me., 1890. 

1888, had charge laying out the Bangor Street Railway, 
the first electric road built Maine, and one the first operated 
successfully the United States. was also engaged Engineer 
the survey and construction railroads several companies 
centering Bangor, from 1888 until his death. 

1901, Mr. Coombs was one two Commissioners, authorized 
the Maine Legislature and appointed the Penobscot Log Driving 
Company, survey the West Branch water-shed the Penobscot 
River investigate and determine the present storage, and need 
increased storage for log-driving, manufacturing, and other purposes. 
remained the service the Penobscot Log Driving Company 
until his death, being engaged chiefly work. 

Mr. Coombs was also employed various times Engineer 
charge the construction Chapin Park, Broadway Park, and 
Summit Park, for the City Bangor, and for number years was 
also, Engineer, charge the designs, plans, specifications, 
fishways for the Maine Fisheries Commission. 

January, 1883, Mr. Coombs was married Miss Millie Field, 
Bangor, Me., who, with two daughters, survives him. 

July 3d, 1911, was suddenly stricken with what first was 
thought sunstroke, but which later proved paralysis. 
had partly recovered his health, and was able attend business, 
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but March 2d, 1913, had attack acute indigestion from 
which 

Mr. Coombs was man pleasant, genial disposition and had 
wide circle friends. was especially prominent Masonic affairs, 
and was also member the Order Odd Fellows. 

Mr. Coombs was elected Member the American Society Civil 
Engineers March 1906. 


JAMES DIX SCHUYLER, Am, Soc. E.* 


Diep 13TH, 1912. 


James Dix Schuyler was born Ithaca, Y., May 11th, 1849. 
was the son Philip Church and Lucy (Dix) Schuyler. 

received his early education Friends’ College which at- 
tended from 1863 1868. owed his high attainments his 
Profession, and his versatility, very largely subsequent study, 
broad range reading, and personal experience. young man 
joined railroad surveying party Colorado, where was stationed 
from 1869 1873, and, once imbued with the spirit the West, 
kept California where made his home. 

Mr. Schuyler began the practice his Profession Assistant 
Engineer the location and construction the Kansas Rail- 
way, Western Kansas and Colorado, and was Resident Engineer 
the last division the road, remaining this work until its 
pletion 1870. was then appointed Resident Engineer the 
Denver and Rio Grande Railroad, from Colorado Springs Denver, 
and made the first survey Colorado Springs. arriving Cali- 
fornia, 1873, was made’ Division Engineer the North Pacific 
Coast Railroad from Ross Valley San Rafael. 1874 was ap- 
pointed Chief Engineer the Stockton and Ione Railroad, and 
the financial collapse that project, worked temporarily 
writer for the Stockton Daily Independent. 1877 was made Chief 
Assistant State Engineer, the State Engineering Department 
California, and was placed charge the irrigation investigations 
being conducted that Department the Great Central Valley 
California. 

Mr. Schuyler remained with the State Engineering Department 
until 1882, when resigned accept the position Chief Engineer 
and General Superintendent the Sinaloa and Durango Railroad 
Mexico. 1884 returned California, and was engaged for 
time Contractor the construction section the sea-wall 
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the water-front San Francisco. During the following year was 
placed charge raising and completing the Sweetwater Dam, and 
the work which did there assured his standing the Engineering 
Profession, his rise prominence thereafter being rapid. 

Mr. Schuyler was called into conference and was placed charge 
important work various parts the United States and Mexico. 
From 1891 1895 was Consulting Engineer the Lake Hemet 
Water Company, and designed and supervised the construction the 
Hemet Dam, one the highest masonry dams Western America. 
was engaged the construction water-works Portland, Ore., 
and Denver, Colo., the Bear River Canal, Utah, the Ogden, 
Utah, Water-Works, and irrigation works various places the 
West. was one the Board Consulting Engineers pass the 
feasibility the Owens River water-supply project; for Los Angeles, 
Cal., and was appointed President Roosevelt member the 
second Commission Consulting Engineers which passed the 
feasibility the Gatun Locks, the Gatun Dam, and related structures 
for the Panama Canal. 

His activities Consulting Engineer extended across the ocean 
Japan, and far south Brazil. was Consulting Engineer 
the Territorial Government Hawaii the construction the 
Nuuanu Dam; the Monterey Water-Works and Sewer Company, 
Limited, Mexico; the Kobe Syndicate extensive power 
project Japan, involving the construction very high dam; 
the Mexican Light and Power Company, Limited, the building 
four large dams for power development Mexico; the Vancouver 
Power Company, Limited, the building dam Coquitlam 
Lake; the Arrowhead Reservoir Company; the American Beet Sugar 
Company; and the Sweetwater Water Company. 

Mr. Schuyler not only did much constructive way that will 
endure, but had the happy faculty imparting, through his writ- 
ings, the results his work and experience other members his 
Profession. Among engineers was recognized being unusually 
resourceful, and having unusual grasp the experience other 
members the Profession, which understood how apply. 

writing Mr. and his work, Dr. George Wharton 
James says: 


“His unfailing good humor, ready acquiescence every experience, 
cheerful bearing hardship, inconvenience, and annoyance, his uni- 
form kindness, urbanity and courtesy, his gentle consideration for his 
associates, his companions, and the employees and helpers with whom 
came contact, his ready and quick response every human and 
humane feeling and sentiment, his kinship with every living thing, 
whether animal plant life, his keen powers observation and 
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far-reaching grasp reflection, his tenacity memory, and thorough 
conscientiousness getting hold every fact that would aid him 
his decisions, his persistent questioning and careful recording the 
results obtained, his joy recognizing the possibilities great 
project, his ready acknowledgments errors judgment based upon 
imperfect knowledge, his eloquent and forceful presentation facts 
saw them, the brilliant keenness his intellect dealing with 
knotty problems his Profession, the far-seeing scope his fine and 
trained imagination, his loyalty his friends, his kind toleration 
those who harshly differed from him, his open devotion, sincere 
admiration, and genuine affection for his wife, his brothers, his 


his family generally—these and score other traits clearly 


manifest our association endeared him manner peculiarly 
potent. 

“Physically, was large man, man impressive appearance, 
yet was larger and more impressive mentally and spiritually than 
was physically. man the keenest spiritual perceptions, was 
yet man among men, without trace the egotist prig. 
His smile was outward expression kindly, genial, humane nature. 
wore celluloid smile, formed facial control. When his face 
beamed upon you was the spontaneous, natural, ready response 
the smile his soul, warming you trust, confidence, belief. 
called forth the best every man with whom came contact. 
was mental and spiritual dynamo, generating and radiating activity, 
peace, and good will men. 

“In his Profession ranked with the highest and best, and his 
funeral Ocean Park, September, every prominent member 
the engineering and cognate professions Southern California was 
present person and the expressions the 
sense loss were intimate and personal. The world has too few such 
men; would there were more.” 


July, 1889, Mr. Schuyler was married Mrs. Mary Ingalls 
Tulliper, San Diego, who survives him. 

was member the Institution Civil Engineers Great 
Britain, the American Geographical Society, the Franklin Institute, 
the Technical Society the Coast, and the Union League. 
contributed extensively various technical and journals and 
Society publications, his best-known his book éntitled, 
“Reservoirs for Irrigation, Water Power, and Domestic Water Supply,” 
which was first published 1901, second edition having been issued 
1908. was twice winner the Thomas Fitch Rowland Prize 
given this Society for the best paper presented during the year, the 
first 1889 for the paper “The Construction the Sweetwater Dam,”* 
and the second 1907 for his paper “Recent Practice Hydraulic- 
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Mr. Schuyler was elected Member ‘the American Society 
Civil Engineers December 6th, 1882. also served 
President 1903-04, and Director 1892, and from 1899 1901. 


Diep 1913. 


Frank Soulé was born Woodville, Miss., August 6th, 1845. 
came from New England ancestry, being descendant the May- 
flower Pilgrims, and tracing his lineage directly John Alden, 
Priscilla Mullins, and George Soulé. His father, Frank Soulé, went 
California May, 1849, where, later, was well known 
journalist and one the authors the “Annals San Francisco.” 

Professor Soulé received his early education Bridge Hampton, 
Y., and the San Francisco High School. 1862 was ap- 
pointed the United States Military Academy West Point, from 
which was graduated 1866. Immediately thereafter, was as- 
signed duty Assistant Ordnance Officer. 1868 was ordered 
West Point Instructor Ordnance and Gunnery, and also per- 
formed the duties Assistant Professor Mathematics. 

1870 resigned from the Army join the Faculty the Uni- 
versity California, Assistant Professor Mathematics. 1872 
the Board Regents established the Department Civil Engineering 
creating chair for that subject; and the appointment Pro- 
fessor Soulé that chair, they added Astronomy his responsibilities. 

The records the University California for the period ending 
with 1880 will show how prominent was the work Professor Soulé 
those early days. not only gave his time Mathematics, Astron- 
omy, and Engineering, but also organized the Military Department. 
1886 the Students’ Observatory was designed and 
built him with special State appropriations. the next ten years, 
under his direction and with the co-operation the late Professor 
George Davidson, Hon. Am. Soc, E., many important geodetic 
studies were maintained and measurements made, inaugurated 
the Weather Bureau Record, which later was distributed the 
Department Astronomy, and now reported the Department 
Geography. 1890, the exacting demands the rapidly growing 
Civil Engineering College forced Professor Soulé his 
interests astronomical work, although retained, the title Pro- 
fessor Astronomy with that Civil Engineering for several years 
afterward. the early Nineties, after visit prominent Eastern 
and European schools, built and equipped testing laboratory which 
from modest beginning has grown into the present Experiment Sta- 
tion the Civil Engineering Department. 
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Professor Soulé continued the ‘active service the University 
Professor Civil and Dean the College 
Civil Engineering until the summer 1907, period years. 
1907 spent sabbatical year foreign travel, visiting Egypt 
and most the countries Europe. his return California 
1908, was retired the Carnegie Foundation, becoming Professor 
Emeritus Civil Engineering. Although his active work had ceased, 
still retained deep interest the welfare and rapid growth the 
College which had organized. given few men serve 
institution for span years and such varied capacities. 

was man multifarious tasks and many-sided usefulness. 
one was closer touch with the students than he, both virtue 
his one-time office Commandant the Cadets and the nature 
his own interests. was military man bearing and thought, 
and believed discipline and authority. laid upon himself the 
heavy hand self-control, but was always kindly toward and thoughtful 
others, and, above all things, was man unfailing courtesy. 

During the last ten years his service, was his deserved pleasure 
witness the great expansion the Engineering Colleges the Uni- 
versity. From 1870 1900 his school, like San Francisco, developed 
slowly. was about 1895 that, University, California began 
grow with leaps and bounds. his immediate Civil Engineering 
College Department Irrigation was established; courses relating 
Forestry and Public Health were planned; and the relations between 
Agriculture and Engineering were defined. Sanitary studies formed 
vital part the curriculum, and instructors Municipal and Sani- 
tary Engineering were called co-operate with the Medical Depart- 
ment Bacteriology, Animal Industry, and Hygiene. Civil Engi- 
neering there now close contact between the sanitary instructors and 
the interests the University known Domestic Science. The Pro- 
fessors Sanitation and Irrigation are concerned with the practical 
Agricultural School Davis. The Structural Departments are associ- 
ated with Architecture, less than with Engineering. The Testing 
Laboratory touch with State problems. Surveying courses lead 
instruction Geodesy, through which channel the students are 
brought contact with the Department Astronomy. Through rail- 
road work they deal with Economics; the writing contracts and 
specifications they lean the Law; the design buildings they 
become interested fire-proof construction, fire protection, 
vention, and are led commune with the Departments Economics 
and Insurance. All these relationships now exist, are daily developing, 
and are bringing Civil Engineering into closer sympathy and 
with the University. Professor Soulé served his University for years; 
saw start from the humblest beginning, and witnessed its growth 
into one the most powerful institutions the country, University 
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which, 1913, second numbers the United States. More- 
over, Instructor Engineering lived through those eventful 
years the development Engineering Education—from the pioneer 
days instruction Applied Science the present decade great 
promise. 

Professor Soulé was always interested the public affairs the 
community which lived. Whenever movement looking 
betterment politics and community life developed 
recent years, that movement found him ready helper. earlier 
days his active interest was Oakland; later, this was transferred 
Berkeley, where was member the Committee which framed 
the now famous New Charter for that city. was active member 
the City Club Berkeley, and often presided and spoke citizens’ 
meetings. 

Professor Soulé gave much his energy and life community 
interests and problems, was only natural that should associated 
with many societies. was member the Association Gradu- 
ates the Military Academy, and the Loyal Legion, A.; 
Colonel the National Guard; life member of: the Geographical So- 
ciety the Pacific; member the Society Mayflower Descendants; 
and life member the Society California Pioneers. For many 
years was member the Oakland, and the 
University Club and the Bohemian Club San Francisco. 

Professor Soulé did not practice continuously his Profession 
Designing and Consulting Engineer; was too busy with educational 
and social tasks, already stated. Nevertheless, for thirty years 
was force Engineering circles the State California, often 
serving advisory capacity Consulting Engineer. was 
judge materials and their tests, and frequently reported road, 
street, sewer, and water supply projects for Berkeley, Oakland, and 
other growing towns and cities. Perhaps his most important reports 
were those which related irrigation studies the San Joaquin Valley 
and the difficult foundation problems for the Perry Building and 
adjoining docks San Francisco. 

survived his widow, Mrs. Adelaide Soulé, and two sons. 

Professor Soulé was elected Member the American Society 
Civil Engineers March 1905. 


ARTHOR GARFIELD CRYSLER, Assoc. Am. E.* 
Diep 22p, 1912. 


Arthur Garfield Crysler, the son George and Harriet (Safford) 
Crysler, was born Syracuse, Y., April 24th, 1880. After 
going through the graded schools and the Syracuse High School, 


*Memoir prepared Guy Moulton, Am. 
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entered Syracuse University 1900, and was graduated 1904, with 

Immediately after his graduation, Mr. Crysler entered the service 
New York State Rodman the Department the State Engi- 
neer and Surveyor. was assigned work the preliminary 
surveys, plans, and estimates Contract No. 12, the Barge Canal. 
1907 was made Assistant Engineer and placed temporarily 
charge that portion Contract No. between Brewerton and 
Three Rivers, the Oneida River, miles heavy work, including 
one lock. did well that the temporary appointment was made 
permanent, and was charge the work the time his death. 

June 26th, 1906, Mr. Crysler was married Miss Pearl LaShier, 
Ithaca, Y., who, with three children, survives him. 

Mr. Crysler was elected Associate Member the American Society 
Civil Engineers August 1909. was also member 
the Technology Club Syracuse, 


Diep 13TH, 1912. 


Stephen Holman was born Royalston, Mass., December 28th, 
1820. was the son Stephen and Hannah (Fuller) Holman whose 
ancestors settled Newburyport, Mass., early the Eighteenth 
Century, several having served the War the Revolution. 

the death his father 1832, the boy went live with his 
half-brother Saugus, Mass. After attending school Saugus 
Centre, entered the Lynn Academy where prepared for college. 
was graduated from Williams College the Class 1840. After- 
ward, studied law and was admitted the bar, but 
that profession any extent, preferring that teaching. For num- 
ber years served principal high schools and academies 
Winchester, H., Gardner, Athol, Phillipston, Fitchburg, and 
Holyoke, Mass. 

While the latter city Mr. Holman was employed Paymaster 
the Lyman Mills, and, 1860, bought controlling interest the 
Holyoke Paper Company, which managed with conspicuous ability. 
1865 sold his interest that Company and established the 
Holyoke Machine Company, and, later, branch the same company 
Worcester, Mass. also founded the Deane Steam Pump Com- 
pany, Holyoke, and became interested number cotton mills 
and also the American Telephone Company. 
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Mr. Holman was very successful business, and this success was 
due part his power initiation. was the originator many 
new methods reducing business scientific basis, and was the first 
establish the present methods cost-keeping paper 
example his original methods was the establishment testing 
flume the works the Deane Steam Pump Company, Holyoke, 
which every water-wheel manufactured the plant could tested, 
head and power, under actual service conditions, thereby guaran- 
teeing them purchasers. This flume was also placed the disposal 
any manufacturer who cared make use for testing. 

Mr. Holman retained his physical and mental vigor until his 
death, keeping close touch with his business interests. was 
student and accomplished linguist, never losing touch with his 
college studies, especially that the German language and literature 
which was particularly fond. the age ninety gave 
reading from Schiller’s plays before German association. 

was brilliant conversationalist, and, having wonderful range 
general knowledge, could entertain others matter what their 
tastes and.experiences life had been. was tenacious his friend- 
ships, particularly with men, his cultured mind and strength intellect 
making him dominating figure personal associations and busi- 
ness life. 

Fondness for Nature was one Mr. Holman’s strong character- 
which was gratified extensive travel this country and 
Europe. had just returned from European trip when was 
seized with sudden attack neuralgia the heart which caused his 
death Swampscott, Mass. 

April 12th, 1853, Mr. Holman was married Miss Hannah 
Richardson, Lowell, Mass., who 1894. survived 
son and daughter. 

was Member the Mt. Tom Lodge, and M., and 
many other organizations. the time his death was the oldest 
Alumnus the Lynn Academy and Williams College. was also 
the Senior Mason and the Senior Member the Massachusetts bar. 

Mr. Holman was elected Fellow the American Society Civil 
Engineers June 29th, 1872. 
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